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A  FEW  WORDS  TO  TBAOHEES  AND  LEAENERS. 

A  quaint  old  teacher  has  remarked  "  that  when  a  learner  is  at  first 
rightly  and  thoroughly  grounded,  the  rest  of  the  work  goes  on  with 
recuiiness,  with  ease,  with  speed,  and  with  assurance.  When  he  is 
ill-groundedy  aU  falls  out  oontrarywise ;  much  labour  and  much 
patience  of  the  master,  and  much  diligence  and  industry  of  the 
scholar  will  hardly  be  able  to  rescue  him  from  the  mischieyous  conse- 
quences of  previous  ill-g^unding.  So  powerful  is  ill  habit  when  it 
hath  once  got  hold,  and  so  difficult  to  eradicate,  that  it  is  much  harder 
to  unteaoh  the  wrong  than  to  teach  the  right." 

Another  eminent  teacher  of  modern  times  has  stated  the  cause  of 
his  success  in  these  words:  "It  has  ever  been  with  me  a  principle 
that  even  rudimental  teaching  must  be  thorough,  and  must  be  founded 
upon  the  essential  character  of  the  mind,  as  accretive }  and  that  whea 
once  it  is  rightly  proceeded  upon,  the  teaching  of  any  science  will  not 
remain  quiescent,  but  will  advance  to  completion  and  success.'^ 

The  present  state  of  teaching  the  Elementary  FHncipIes  of  the 
Sciences  of  Number  and  Space  is  not  satisfactory,  as  will  appear  in 
the  following  extracts  from  the  Report  of  the  Cambridge  Board  of  the 
University  Examinations,  and  from  the  twenty-second  Report  of  the 
Syndicate  appointed  to  conduct  the  Examination  of  Students  not 
members  of  the  University. 

The  Board  of  Examinations  issued  their  Report  of  the  Previous 
Examination  of  the  Freshmen  in  March,  1880.  With  respect  to  the 
subjects  of  Elementary  Arithmetic,  Algebra,  and  Geometry  (which 
are  supposed  to  be  acquired  at  School)  the  following  remarks  appear 
in  the  Report : 

In  the  Jane  Ezftmination  ieven  per  cent,  of  the  candidates  failed  altogether  and 
twenijf-six  per  cent,  only  jont  passed  in  the  subject  of  Arithmetic.  Qaestions  on 
Compound  Interest,  Discount,  and  Stocks,  as  well  as  those  on  Simplificatiou  of  Decimals, 
weie  answered  hj  yerj  few. 

In  the  December  Examination,  your  per  cent,  failed  altogether  and  ten  per  cent,  only 
just  passed.  Questions  in  Stocks  and  Discount  were  answered  inoorraetly  by  a  large 
number  of  the  candidates,  their  work  shewing  ignorance  of  the  meaning  of  the  questions. 

In  the  December  Examination  in  Euclid,  one  quarter  of  the  candidates  did  not  write 
out  more  than  half  of  the  bookwork  correctly.  Many  of  the  candidates  had  apparently 
prepared  the  subjects  from  tezt-books  in  which  the  order  of  Euclid  is  not  preserved.  By 
this  means  great  confusion  is  introduced. 

In  Jnne^  four-ninths  of  the  candidates  failed  in  Algebra ;  in  December,  one  quarter* 
Questions  in  Ratio,  Proportion,  and  Variation  were  not  well  done,  and  in  many  cases  the 
candidates  did  not  appear  to  have  read  these  portions  of  the  subject. 

Of  the  Additional  Subjects  the  Report  states : — 

In  Algebra  undisguised  pieces  of  bookwork  were  in  general  written  out  correctly,  and 
an  easy  Problem  of  a  common  type  was  solved  by  most  of  the  candidates.  The  Pro- 
gresrions  were  treated  without  much  thongbti  tine  formnhe  being  often  applied  at 
laodom. 
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The  BegnlationB  for  the  PreyiouB  Examination  revised  in  1849 
required  the  candidates  to  be  arranged  in  two  classes : — 

The  Jlrit  claUf  consisting  of  those  candidates  who  have  passed  their  examination  with 
credit ;  the  Hcondj  of  those  to  whom  the  Examiners  haTe  only  not  refused  their  certificate 
of  approval. 

The  facts  stated,  and  the  words  employed  in  the  Beport  snggest  a 
▼ery  unsatisfactory  state  of  the  acquirements  and  of  the  intellectual 
habits  of  a  large  class  of  Freshmen  in  their  first  year  of  residence 
at  Cambridge. 

In  the  year  1879  the  names  of  6738  students  were  entered  for 
the  Cambridge  Local  Examinations,  and  forty-one  per  cent,  of  those 
who  attended,  failed  to  pass  the  examination.  There  were  3600  students 
examined  in  Pure  MathematicSi  including  Elementary  Arithmetic, 
Algebra,  and  Geometry. 

On  the  results  of  the  Examination  of  the  Junior  Students  the 
Beport  of  the  Examiners  remarks  :— 

In  Arithmetic, 

There  were  fewer  cases  of  confused  and  bad  methods^  fewer  gross  enors  in  principle . 
fend  the  papers  were  worked  in  better  foim  and  mace  neatly.  But,  as  compared  with 
last  year,  improvement  is  not  manifest. 

In  Algebra, 

,     Although  the  failures  were  more  nnmerons  this  year  than  last,  a  fair  per  oentage  of 
the  whole  number  of  candidates  acquitted  themselves  creditably. 

In  Euclid, 

Several  lost  credit  by  quoting  axioms  other  than  Eudid's,  and  by  inattention  to 
Euclid's  order,  for  instance,  proving  L  27  by  1. 82.  More  liders  than  last  year  were  sent 
up,  but  still  too  few  of  the  candidates  attempted  them. 

Of  the  Examination  of  the  Senior  Students  the  Examiners  state : — 
In  Arithmetic, 

The  work  both  of  boys  and  girls  shewed  an  improvement  on  that  of  last  year, 
as  regards  both  style  and  accuracy.  There  were  but  few  candidates,  however,  of  any  very 
great  merit.  Nearly  half  the  whole  number  of  boys  and  more  than  half  the  girls  wer® 
but  little  above  the  minimum  standard  required  for  passing.  The  girls  ia  many  caaea 
used  heavy  and  cumbrous  modes  of  working. 

In  Algebra, 

The  Algebra  was  far  from  satiafacfcoiy.  More  than  half  the  whole  number  of  candi- 
dates failed  to  pass,  and  very  many  could  have  had  no  reasonable  expectation  of  passing. 
The  bookwork  questions  were  written  out  at  very  great  length,  but  in  most  cases  the 
important  points  were  slurred  over  or  altogether  omitted. 

In  Euclid, 

The  propositions  of  Euclid  were  on  the  whole  creditably  written  ont,  but  only  the 
eafder  riders  were  solved.  The  per  centage  of  failures  in  Euclid  was  higher  in  the  cas* 
of  the  girls  than  in  that  of  the  boys. 

It  is  more  than  probable  that  one  of  the  causes  of  the  unsatisfactory 
state  of  elementary  knowledge  of  these  subjects  is  the  simple  fact  that 
too  many  subjects  of  study  are  prematurely  forced  on  minds  of 
ordinary  capacity.  In  the  case  of  inert  and  dull  minds  no  sound  and 
exact  knowledge  is  acquired;  and  in  the  case  of  active  and  precocious 
minds  a  loose  smattering .  of  many  subjects  is  crammed  into  the 
memory  which  have  not  passed  through  the  understanding.  Wbatever 
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may  be  forced  into  &e  memory  in  this  way  is  only  held  in  solution 
nndl  it  has  served  its  purpose,  and  then  it  is  precipitated. 

The  injudicious  solicitude  of  some  teachers  to  develope  prematurely 
the  mental  jfoculties  of  youth  will  only  result  in  furnishing  illustrations 
of  the  consequences  which  flow  from  a  disobedience  to  the  laws  of 
nature.  The  teacher  ought  not  to  forget  that  the  organs  of  the  brain 
equally  with  those  of  the  body  have  their  predetermined  periods  of 
growth  and  development.  Any  attempts  to  interfere  with  these  cannot 
De  made  with  impunity.  How  seldom  do  those  who  in  youth  have 
been  nurtured  in  the  forcing  hot-bed  exhibit  in  after  life  superior 
intellectual  powers.  They  more  commonly  fall  beneath  than  exceed 
the  average  in  talent.  But  even  if  the  mental  capacity  be  enlarged, 
it  is  at  the  expense  of  the  corporeal  energies.  These  are  not  displayed 
in  the  strongly  knit  and  active  limbs,  in  the  well-formed  and  robu&t 
frame.  The  brain  may  have  grown,  but  it  is  almost  invariably  accom- 
panied by  a  feeble  and  impenectly  developed  body,  which,  in  general, 
prematurely  breaks  up.  If  nature  has  given  a  superiority  of  mind, 
the  less  interference  there  is  with  the  laws  which  regulate  its  develop- 
ment the  more  ample  and  gratifying  will  be  the  results.  If  she  has 
withheld  these  conditions  which  are  necessary  for  the  manifestation 
of  talent,  it  is  not  only  in  vain  to  endeavour  to  create  what  she  has 
denied,  but  injudicious  and  fraught  with  danger.  The  vegetable 
kingdom  illustrates  the  justice  of  these  views. 

In  the  use  of  ordinary  language  it  is  implied  that  there  exists 
some  sort  of  analogy  between  the  bodily  and  mental  faculties.  As  the 
mysterious  processes  of  digestion  and  assimilation  are  necessary  for 
the  healthy  development  oi  the  body,  so  also,  unless  the  food  of  the 
mind  be  inwardly  digested,  it  cannot  contribute  to  the  like  develop- 
ment of  the  intellectual  powers.  The  reception  of  knowledge  into  the 
mind  has  been  described  under  the  comparison  of  good  seed  sown 
in  good  soil  or  bad  soil ;  and  it  is  written  that  '  men  do  not  gather 
grapes  of  thorns  nor  figs  irom  thistles.' 

As,  therefore,  the  physical  development  of  the  organs  and  functions 
of  the  body  take  place  gradually  according  to  the  oider  of  fixed  laws ; 
it  would  appear  that  the  development  of  the  mind  must,  in  a  similar 
way,  be  subject  to  the  same  order.  The  mental  acquirements  suitable 
for  youth  cannot  be  put  off  with  advantckge  till  the  approach  of 
manhood.  The  consequences  of  neglect  in  early  mental  training  will 
in  due  time  become  as  manifest  as  the  lack  of  proper  food  and 
care  in  the  healthy  growth  of  the  body.  As  the  body  for  food,  so 
the  mind  for  knowledge  has  its  hungerings  and  thirstings.  The 
craving  appetite  in  both  cases  implies  a  process  of  assimilation.  As 
the  mental  food  assimilated  will  affect  the  character  of  the  mind  itself, 
only  wholesome  mental  food  should  be  supplied  in  the  right  order  and 
quantity  suitable  for  healthy  and  vigorous  intellectual  growth. 

The  study  of  the  exact  sciences  is  one  of  the  most  efiTeotive  means 
of  cultivating  and  developing  the  reason.  Geometry  is  the  Science 
of  Space,  and  Arithmetic  wi&  Algebra  in  its  character  of  Universal 
Arithmetic  is  the  Science  of  Number.  As  all  our  knowledge  of 
the  external  world  must  be  subject  to  the  conditions  of  Space  and 
Number,  the  elementary  portions  of  these  sciences  are  from  their 
iiatufe  better  adapted  than  any  other  to  form  the  habit  of  fixity  of 
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attention;  of  distinctness  in  the  conception  of  ideas,  and  of  precision 
in  expression.  The  language,  like  the  subjects,  is  fixed  and  definite, 
and  does  not  admit  of  the  same  ambiguity  and  uncertainty  as  the 
language  employed  on  other  subjects.  The  reasonings  are  always 
conclusive  and  exact,  expressed  in  terms  whose  meaning  cannot 
change  from  the  sense  in  which  they  have  been  defined.  In  one  of  his 
recent  charges,  the  present  Lord  Chief  Justice  made  a  passing 
remark  to  the  effect  that  Euclid's  Elements  were  a  mental  training 
second  to  none.  Teachers  who  need  a  hint  or  two  on  this  subject 
may  learn  something  from  the  experience  of  the  Rev.  Stephen .Hawtrey, 
late  Assistant  Master  at  Eton,  as  stated  in  his  '*  Short  Introduction 
to  the  Elements  of  Euclid." 

It  may  be  remarked  that  persons  of  the  highest  acquirements  in 
any  science  do  not  always  become  the  best  teachers.  Experience 
has  shewn  that  such  persons  may  be  utterly  incompetent  to  adapt 
their  knowledge  to  the  capacity  of  minds  of  a  lower  character  than 
their  own.  If  a  teacher  has  not  skill  to  make  the  subject  of  his 
instruction  interesting,  and  tact  to  adapt  his  knowledge  to  minds  of 
different  capacities,  he  does  not  possess  one  of  the  essential  requisites 
of  a  teacher.  It  is  a  delusion  to  imagine  that  correct  habits  of 
thinking  can  be  created  or  exact  knowledge  acquired  by  the  mere 
passive  attendance  on  lectures,  however  excellent.  Glass-teaching 
may  be  useful  or  useless,  or  even  worse  than  useless.  There  are 
many  youthful  minds  so  constituted  that  they  must  be  taught  indi- 
vidually, if  ever  they  are  to  be  able  to  draw  inductions  from  facts, 
or  comprehend  principles  and  apply  them  with  success.  In  dealing 
with  the  misapprehensions  and  mistakes  of  learners,  the  teacher 
should  observe  how  the  learner  was  led  into  error,  and  by  suitable 
questions  lead  him  to  perceive  his  mistake  and  to  make  the  correction 
for  himself.  By  this  method  the  mind  of  the  learner  is  brought  into 
active  exercise,  and  he  will  be  less  likely  to  repeat  the  mistime  than 
if  the  correction  were  received  passively  from  the  teacher.  If  the 
learner  exhibit  a  listless  inattention  or  a  positive  dislike  to  the  subject 
of  study,  the  efforts  of  the  most  judicious  teacher  are  in  vain. 

It  may  also  be  remarked  that  implicit  obedience  in  the  learner  and 
the  love  of  knowledge  are  also  necessary  conditions  of  improvement. 
A  sense  of  duty  rather  than  a  desire  of  surpassing  others  constitutes 
the  right  motive  of  the  learner.  If  a  morbid  appetite  for  praise  or  an 
eager  strife  for  pre-eminence  be  encouraged,  it  may  grow,  and  at 
length  become  the  ruling  passion,  and  create  envy  ana  hatred  of  every 
successful  rival,  and  generate  a  feeling  of  discontent  which  may  become 
a  fatal  obstruction  to  all  mental  and  moral  improvement. 

These  few  words  to  teachers  and  learners  may  be  concluded  with 
the  expressive  words  of  the  late  Dr.  Whewell : — 

''The  object  of  a  liberal  education  is  to  develope  the  whole  mental 
system  of  man: — to  make  his  speculative  inferences  coincide  with 
his  practical  convictions: — to  enable  him  to  render  a  reason  for  the 
belief  that  is  in  him,  and  not  to  leave  him  in  the  condition  of  Solomon's 
Sluggard,  who  is  wisor  in  his  own  conceit  than  seven  men  that  can 
render  a  reason." 

E.  P. 


OF  ALGEBEA. 

The  science  wMcli  bears  this  name  is  a  generalised  extension  of 
the  science  of  number.  From  this  consideration  Sir  Isaac  Newton 
was  led  to  give  to  it  the  title  of  '*  Universal  Arithmetic."  This 
designation  suggests  a  more  correct  idea  of  its  nature  than  the  in- 
adequate name  handed  down  by  tradition.  Besides,  it  appears 
calculated  to  lead  the  student  to  such  a  knowledge  of  the  general 
operations  of  the  science,  as  to  render  his  comprehension  of  ordiuEury 
mathematical  language  more  intellectual  and  less  mechanical.  As 
this  science  depends  primarily  on  the  same  fundamental  principles  as 
Arithmetic,  this  necessary  connection  is  required  to  be  kept  constantly 
in  view.  The  following  brief  notices  will  be  restricted  to  a  general 
sketch  of  the  origin  of  the  science,  as  far  as  it  has  been  ascertained, 
and  the  progressive  improvements  and  discoveries.  These  will  be  seen 
to  have  been  very  slow  and  gradual  in  diiferent  countries  and  in 
different  ages ;  and  when  viewed  in  succession,  to  extend  over 
centuries. 

The  history  of  the  first  steps  in  the  development  of  numerical  sys- 
temst  SLB  of  written  languages,  is  involved  in  uncertainty,  and  it  is  perhaps 
impoesible  to  ascertain  the  origin  of  any  of  the  systems  which  existed 
among  the  people  of  early  times.  The  methods  of  arithmetical  notation 
employed  by  the  Hebrews,  the  Phoenicians,  and  the  Egyptians,  and  the 
still  ruder  systems  employed  by  the  Bomans,  are  all  of  them  limited  and 
imperfect,  and  the  remaining  monuments  of  their  literature  and 
antiquities  a&ord  no  intimation  whatever  iSiat  they  were  acquainted 
with  any  saperior  system.  The  powers  of  numeration  at  first  must 
have  been  very  limited  before  the  art  of  writing  was  invented.  A 
oomparison  of  the  written  names  of  numbers  found  in  the  records  of 
anoiant  notions  may  lead  to  some  probable  conjeotures  respecting  their 
possiUe  connection  in  more  early  times.  However  interesting  it 
might  be  to  traee  tihe  steps  by  which  mankind  originally  applied  and 
gradually  extended  their  first  essays  of  number  to  the  various  occasions 
of  human  life,  there  are  no  extant  writings^  known  at  present,  which 
afford  the  needful  assistanoe. 

HbB  art  of  denoting  and  naming  numbers,  in  some  form,  became 
neoeasarj  among  men  as  soon  as  the  distinction  of  property  was 
acknowledged,  which  appears  to  have  been  coeval  with  the  origin  of 
jsociety .    The  earliest  methods  of  numbering  would  naturally  be  limited 
to  the  naming  of  such  numbers  as  the  necessities  of  the  people  required. 
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The  earliest  extensions  of  tlie  primitive  mode  would  be  made  by  the 
people  whose  necessities  extended  beyond  the  wants  of  a  patriarchal 
and  pastoral  mode  of  life.  In  the  early  ages  of  which  any  records 
exist,  some  progress  had  been  made  in  the  arts  of  number  and 
meajsure,  as  is  clear  from  the  narrative  of  the  life  of  Abraham  in 
the  twenty-third  chapter  of  the  book  of  Genesis.  The  next  improve- 
ments would  be  found  in  those  nations  who  applied  themselves  to 
commerce  and  navigation.  It  is  therefore  among  the  earliest 
civilised  nations  which  directed  attention  to  commerce,  that  arithmeti- 
cal calculation  could  have  received  its  greatest  improvement.  It  is 
recorded  of  the  Egyptians  and  Phoenicians,  that  these  two  nations  made 
the  first  improvements  in  the  practice  and  calculation  of  numbers. 
The  necessity  of  improved  methods  would  be  found  in  the  manage- 
ment of  the  public  revenues  of  states  and  kingdoms,  and  men  would 
be  naturally  led  to  find  out  methods  of  abridging  and  improving  the 
operations  in  which  they  were  every  day  engaged.  The  account  of  the 
revenue  iu  Egypt  when  Joseph  was  the  chief  minister,  implies  that 
their  system  of  arithmetic  was  not  of  a  very  complete  nature  for  the 
expression  of  large  numbers ;  as  it  is  recorded  in  the  forty-first  chapter 
of  the  book  of  Genesis,  that  Joseph  left  off  numbering  the  quantity  of 
com  laid  up  in  the  cities,  *'  for  the  quantity  was  without  number ;" 
an  expression  which  can  only  refer  to  the  system  of  numbering  known 
in  Egypt  at  that  time. 

Previous  to  that  period,  their  ordinary  methods  might  have  been 
sufficient  for  the  necessities  of  the  government  in  the  regulation  of  the 
revenue.  At  a  later  period,  it  was  in  Egypt  that  Pythagoras  learned 
the  theories  concerning  the  nature  and  properties  of  numbers,  which 
he  taught  in  the  school  he  founded  at  Grotona,  in  Magna  Grsecia. 

The  Phoenicians,  in  the  remotest  ages,  applied  themselves  to  com- 
merce and  navigation,  ^hich  required  them  to  be  conversant  with 
nxmierical  calculations.  Ancient  history^  ascribes  to  them  the  inven- 
tion of  casting  accounts,  and  keeping  registers  of  everything  that 
relates  to  the  affairs  of  merchants.  Plato^  writes  that  a  sophist 
affirms  of  the  Lacedemonians,  that  they  scarcely  knew  how  to  number. 
This  censure  of  the  ignorance  of  the  people  of  Lacedaemon,  seems  to 
imply  that  they  did  not  frequent  the  school  in  the  grove  of  Aeademus 
at  Athens,  where  that  science,  with  others,  was  sedulously  taught  and 
cultivated. 

By  reducing  the  elementary  pxooesses  of  numbers  to  their  first 
principles,  some  attempt  may  be  made  to  discover  those  operations 
which,  on  acoount  of  their  simplicity,  might  naturally  present  themselves 
to  the  mind.    The  operations  of  Arithmetic  depend  on  the  two  simple 


1  Strabo,  B.  xviL,  p.  1136,  B. 

s  Hippias  Major,  p.  1248,  A.  fol.  Francofurti,  1602. 
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processes  of  addition  and  subtraction.  Multiplication  of  integers  is 
nothing  more  than  the  addition  of  equal  numbers.  Division  bears  the 
same  relation  to  subtraction  as  multiplication  does  to  addition.  It  is 
therefore  necessary  that  reference  should  be  made  to  addition  and 
subtraction  for  the  origin  of  the  methods  of  calculation.  Addition  and 
subtraction  presuppose  numeration,  the  source  which  furnishes  Arith- 
metic with  the  material  of  all  its  operations.  To  count  is  nothing 
else  than  to  form  ideas  of  different  sets  or  assemblages  of  counters, 
and  to  give  names  to  each  of  the  sets  or  groups.  This  forms  the 
first  act  of  the  mind  in  learning  the  science  of  numbers.  Every 
particular  object  brought  before  the  sight  suggests  the  idea  of  one 
thing  or  unity  to  the  mind,  and  every  assemblage  of  objects  or  units 
suggests  the  idea  of  numbers,  or  of  a  greater  or  a  less  assemblage  of 
units.  The  idea  of  a  simple  number  is  an  abstraction,  and  from  the 
fact  of  men  having  five  fingers  on  each  hand,  they  would  naturally 
be  led  to  form  ideas  of  as  many  sets  of  other  objects  as  are  equal  to 
the  number  of  fingers  on  one  or  on  both  hands.  The  fundamental 
notions  of  number  most  probably  arose  from  the  use  of  the  fingers 
on  one  or  both  hands  as  an  instrument  of  calculation.  Names  to 
express  these  elementary  numbers  would  be  devised,  perhaps  derived 
from  the  names  of  the  instrument  itself  used  in  counting.  Arith- 
metic most  probably  began  with  practical  numeration,  or  determining 
the  number  of  several  objects,  as  the  number  of  a  herd  of  cattle  or  a 
flock  of  sheep.  As  men  are  provided  with  a  kind  of  calculating 
instrument,  it  is  highly  probable  that  the  fingers  of  one  or  both  hands 
were  the  first  instruments  used  to  assist  them  in  the  counting  by  sets. 
Homer  represents  Proteus^  as  counting  his  sea  calves  by  fives — ^that  is, 
by  his  fingers — and  employs  the  word  irefiva(uVf  which  literally  means 
to  count  by  the  five  fingers ;  so  also  ^schylus  uses  the  same  word^  for 
counting  out  from  the  urn  the  black  and  white  pebbles  which  ex- 
pressed the  verdict  of  the  judges  after  the  trial  of  an  accused  person, 
as  guilty  or  not  guilty.  Plutarch  and  other  writers  have  stated,  that 
in  the  infancy  of  the  Ghreek  language,  they  had  no  other  word  for 
calculating,  and  it  then  signified  what  is  now  expressed  by  the  word 
upi6fu1y.  It  is  another  strong  presumption  in  favour  of  this  sup- 
poedtion,  that  all  civilised  nations  of  the  Aryan  and  Semitic  race^ 
coimt  by  tens,  tens  of  tens  or  hundreds,  and  so  on ;  proceeding  b^ 
multiples  of  ten  in  the  successive  groups  of  numbers. 

There  appears  no  reason  why  the  number  ten  should  have  beer 
chosen  rather  than  twelve  or  any  other  number  for  the  scale  Oi 

»  Odyw.  iv.  412. 

*  This  must  ancient  manner  of  giving  sentence  is  noted  by  Ovid  :— 
Hos  erat  antiquis,  niveis  atrisquo  Lipillis^ 
His  damnare  reos,  illis  absolvere  culpa,— Ov.  Md,  xv. 


numeration,  except  the  primitive  practice  of  counting  by  the  fin- 
gers of  both  hands.  It  appears  highly  probable  that  at  first  men 
counted  by  their  fingers  whatever  objects  did  not  exceed  the 
number  ten.  They  could  also  divide  any  multitude  of  objects  into 
sets  of  ten  in  each  set,  and  reserve  what  remained  over  when  the 
whole  multitade  did  not  make  an  exact  number  of  tens.  But  as  the 
fingers  could  only  serve  to  count  the  number  of  things  up  to  ten, 
something  else  would  be  required  to  determine  the  ntmiber  of  groups 
of  ten  each;  where  the  number  was  too  great  for  the  memory  to 
retain  with  ease.  It  appears  that  small  stones  or  pebbles  were  used 
to  denote  them,  and  the  vestiges  of  the  practice  among  the  most 
ancient  of  civilised  nations  has  been  recorded  by  Herodotus.^  It  is 
therefore  certain  that  in  very  early  times,  pebbles  were  employed  in 
arithmetical  calculations.  The  words  cdloulaU  and  cdleulationj  being 
derived  from  the  Latin  calculm,  a  pebble,  refer,  in  their  original  sense, 
to  the  use  of  pebbles  in  such  operations.^  The  Greek  equivalent 
ilnifpiZsty  is  obviously  derived  from  ipif^ocy  a  pebble. 

It  is  easy  to  see  how  a  multitude  of  objects  may  be  divided  inta 
sets  or  groups ;  first  of  units  less  than  ten,  next  of  tens  less  than 
ten  tens,  and  so  on,  by  the  aid  of  the  fingers  and  a  few  pebbles.^  As 
soon  as  it  was  known  how  to  number  with  readiness  any  collection  of 
objects,  it  would  be  easy  to  find  the  number  of  several  of  these  col- 
lections together,  or  to  add  them.  It  would  be  necessary  first  to  find 
the  sum  of  the  groups  of  units,  next  of  the  groups  of  tens,  thirdly 
of  the  groups  of  hundreds,  and  so  on,  and  to  place  the  pebbles  in  their 
proper  places  to  denote  the  several  sums  of  the  several  collections  of 
units,  tens,  &c. 

In  proceeding  to  multiplication,  or  multiplying  one  number  by 
another,  it  is  probable  that  multiplication  and  addition  at  first  were 
one  and  the  same  operation.  As,  for  example,  to  multiply  12  by  4  is 
simply  to  add  12,  4  times;  and  in  like  manner  to  divide  48  by  12  is 
merely  to  subtract  12,  4  times  from  48. 

The  remains  of  the  early  Ghreek  writers  on  numbers  are  very 
scanty,  and  do  not  supply  any  adequate  knowledge  of  the  state  and 
extent  of  this  science  in  the  echod  of  Pythagoras  in  Magna 
Greecia,  nor  in  the  Academy  at  Athens.  It  appears  that  at  a  later 
period,  B.C.  d04y  when  Ptolemy  Boter  founded  the  great  library 
at  Alexandria,  the  sciences  had  been  cultivated  in  that  city  with 
considerable  success.  Euclid  promoted  and  advanced  the  sciences  at 
Alexandria  between  the  years  b.o.  323  and  284.     Some  of  his  scien- 


^  Herod,  ii.  36. 

'  IltfiiniCtT*  6pe&t  iK$o\as  ^<;c»r,  ^4voi, — ^sch.  Eumen.  788. 

'  See  Elementary  Arithmetic,  section  vi,  pp.  1 — 4,  where  has  been  explained 
and  exemplified  how  any  given  multitade  of  pebbles  or  other  objects  can  be  divided 
into  groups,  and  named  and  recorded. 


tific  writings  have  descended  to  modem  times.  His  chief  work, 
''The Elements,"^  combines  a  system  of  geometry  and  a  system  of 
arithmetic  in  the  Greek  notation,  and  its  application  to  geometry. 
The  latter  is  comprised  in  the  seventh,  eighth,  ninth,  and  tenth  books 
of  the  Elements. 

In  addition  to  the  Elements,  Pappus  has  recorded  that  Euclid  was 
the  author  of  a  work  on  the  Division  of  Surfaces  and  on  Data,  both 
of  which  are  extant;  also  other  works  on  Porisms,  Loci,  and  the 
Conic  Sections,  which  are  lost,  besides  treatises  on  Optics  and  on 
other  subjects. 

To  Euclid  has  been  attributed  the  merit  of  having  improved  and 
reduced  into  order  the  principles  of  arithmetic  and  geometry  which 
had  been  handed  down  by  Thales,  Pythagoras,  Eudoxus,  and  other 
philosophers,  and  with  his  own  additions  arranged  the  principles  of 
arithmetic  and  geometry  into  the  form  of  an  exact  science. 

Proclus  affirms  that  Euclid  more  correctly  ordered  many  parts  in 
the  Elements  of  Eudoxus,  and  completed  many  things  in  those  of 
Theaetetus,  and  besides  confirmed  such  propositions  as  before  were 
too  slightly  or  insufficiently  established,  with  the  most  firm  and 
convincing  demonstrations. 

The  mathematical  school  of  Alexandria  continued  to  flourish  for 
centuries,  and  Alexandria  was  regarded  as  the  chief  seat  of  learning 
and  philosophy.  Almost  all  the  eminent  mathematicians  and  philoso- 
phers, of  whose  writings  any  remains  exist,  had  been  students  at  the 
school  of  Alexandria. 

Of  those  who  directed  their  attention  to  numbers,  Archimedes  of 
Syracuse,  who  lived  between  b.g.  287  and  212,  improved  and  extended 
the  Ghreek  numerical  notation.  Apollonius  adopted  the  scheme  of 
Archimedes,  but  instead  of  HiB.octada  of  Archimedes  he  adopted 
tetrads. 

The  age  of  Diophantus  has  been  variously  stated.  Bombelli  has 
recorded  that  he  lived  in  the  times  of  the  Antonines,  but  upon  what 
authority  it  is  not  evident.  The  more  commonly  received  opinion  is 
the  more  probable,  that  Diophantus  lived  at  a  later  period,  some  time 
in  the  foxuiih  century  of  the  Christian  era.  Few  facts  are  known  of 
his  history.     An  epitaph  on  Diophantus^  is  found  in  the  third  book  of 

^  In  the  year  1570,  Sir  H.  Billingsley  published  a  translation  of  Euclid's  Elements 
in  folio,  with  a  learned  preface  by  the  famous  Dr.  John  Dee,  as  ho  states,  "Written 
at  my  poore  House  At  Mortlake,  Anno.  1570.  Februarij  9."  The  extant  works  of 
Euclid,  in  the  original  Qreek,  were  edited  by  David  Gregory,  Savilian  Professor,  and 
published  in  folio  at  Oxford  in  1703. 

*  OtrSs  rot  AtS^HOnop  Ixci  rdf^s.  2  fi^a  Bewfia, 
Kol  rd^s  iK  rixi^s  fiirpa  fiioto  A^ci. 
^itnfp  Kovpl(uw  fii6rov  9c^f  Anaff*  fioifniW 

AmSck^tiik  8*  iirt0€\s,  firjku  ir6p€V  x^^*^^* 
Tj  8'  Kp*  i^*  iptofidry  rh  yofiii^MP  ^oro  ^^fos^ 
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the  Greek  Anthology,  from  "which  it  appears  that  he  died  at  the  age 
o£  eighty-four  years ;  but  it  is  not  certain  if  the  Diophantus  therein 
named  is  the  author  of  the  Arithmetics.  Suidas,  imder  the  name 
''Hypatia/'  makes  mention  of  Diophantus.  His  work  is  a  singular 
production.  There  are  not  known  to  be  extant  any  writings  of  an 
earlier  date  on  the  Greek  arithmetic  of  a  similar  nature.  It  consists 
of  a  large  collection  of  questions^  some  of  them  of  considerable  diffi- 
culty, with  ingenious  solutions.  The  work  contains  the  solution 
both  of  determinate  and  indeterminate  problems.  The  substance 
and  details  of  the  work  itself  appear  to  afiEbrd  a  strong  presumption 
that,  though  this  collection  of  problems  was  made  and  augmented  by 
Diophantus  himself,  it  is  quite  impossible  to  discriminate  what  he 
gathered  from  preceding  writers,  whose  works  are  lost,  and  what 
additions  and  improvements  were  made  by  himself.  The  work 
originally  consisted  of  thirteen  books,  and  was  dedicated  to  his  friend 
Dionysius.  Only  the  first  six  books  are  known  to  be  extant,  and  an 
imperfect  treatise  on  triangular  and  multangular  numbers. 

These  writings  were  first  translated  into  Latin  by  Xylander,  a 
professor  at  Heidelberg,  and  published  in  1575. 

Both  the  original  Ghreek,  with  a  Latin  version  and  a  commentary, 
vr&re  published  by  Bachet  at  Paris  in  1621.  Another  edition  was 
edited  by  his  son  and  Fermat,  and  published  at  Toulouse  in  1670.^ 

These  six  books  contain  collections  of  problems,  with  their  solu- 
tions, relating  chiefly  to  properties  of  numbers,  such  as  square  and 
cube  numbers,  proportional  numbers,  &c. 

*£«  8i  ydfAtfy  v4fiwrv  iroxS*  hriywarw  frti. 
Af  aX  ni\6y€ro¥  ZttXhy  rtKos,  lifiurv  varphs 

Mirpop  rf  Kpvtphs  Hotp*  ft^cAci'  filoTou, 
tl4p$os  V  aS  irur^€<rirt  vap^iiyopimy  ipuanoit 

TpZ^  wiirov  ffofpip  r4pfi*  Mpn<r9  0iov, 

^  Diophanti  Alex&ndrini  Rerum  Arithmeticanim  libri  sex,  qnomm  primi  duo 
Qi^ecta  habent  Scholia  Maximi  (ut  coDJectura  est)  Planudis.  Item  liber  de  numeriii 
]K>lygoui3  aeu  multangolis.  Opus  incomparabile,  vero  Arithmeticte  LogiBtioa) 
perfectionem  continens,  paucis  adhuc  visum.  A.  GuiL  Xylandro  Augustano  in- 
credibili  labore  Latine  redditcm  et  commentariis  explanatum,  inque  lucem  editum 
od  niustriss.  Principem  Ludovicum  Yuirtembergensem.  BasiliiB  per  Eusebium 
Kpiscopium  et  Nioolai  Fr.  hsredes,  1571.  (fol.) 

Diophanti  Alexandrini  Arithmeticorum  libri  sex,  et  de  numeris  multangulis 
liber  uuus.  Kane  primum  Gnece  et  Latine  editi,  atque  absolntissimis  Commenta- 
riis illustratL  Anctore  Claudio  Gaspare  Bacheto  Meziriaco  Sebosiano.  Lutetio 
Parisiorum,  sumptibas  Sebastiani  Cramoisy,  1621,  fol. 

A  second  edition  was  published,  wiUi  the  following  title : — ^Diophanti  Alex- 
andrini Arithmeticorum  libri  sex,  et  de  numeris  multangulis  liber  unus.  Cum  Com- 
mentariis C.  G.  Bacheti,  V.C.,  et  Observationibus  D.P.  de  Fermat  Senatorii» 
Tolosani.  Accessit  doctrinie  Analyticte  inventum  noYum,  collectnm  ex  variis 
(•jusdem  D.  P.  de  Fermat  Epistolis.  Obloqultur  numeris  Septem  diBcrimina  Tocum. 
Tolosic,  excudebftt  Bemardus  Bosc,  e  regione  CoUegii  Societatis  Jesu.    M.  nc.  Lxx. 


The  Greek  arithmetical  notation  is  employed,  but  no  account  is 
given  of  the  first  principles  of  the  science,  or  of  the  methods  employed 
in  the  elementary  operations  of  addition  or  subtraction,  multiplica- 
tion or  division ;  nor  oven  any  explanation  of  these  processes.  In 
the  first  book,  which  contains  forty- three  problems  with  their  solu- 
tions, are  prefixed  eleven  definitions  or  explanations  of  the  terms 
employed  in  the  solution  of  the  problems.  The  first  three  definitions 
explain  the  method  of  forming  the  successive  powers  of  numbers,  and 
give  the  initial  letters  of  the  names  by  which  they  are  denoted.  The 
second  power  of  a  number  is  named  cvva/jug  ;  the  third  power  Kvfioc, 
The  powers  above  the  square  and  cube  are  named  from  the  sums, 
not  from  the  products  of  the  lower  powers.  Thus,  the  fourth  power  is 
named  ovra/ionura/icc,  which  is  formed  by  the  product  of  two  equal 
square  numbers ;  the  fifth  power  is  named  IvyafioKvfhcy  the  product 
of  a  square  by  a  cube  number;  the  sixth  power  by  kvI36kvI3o£,  which 
last,  in  modern  language,  is  more  correctly  desigpaated  by  the  square 
of  the  cube,  or  the  cube  of  the  square. 

In  the  fourth  book  is  sliown  how  to  form  the  third  power  of  a 
binomial,  and  in  the  sixth  book  the  fourth  power. 

Diophantus  calls  a  positive  quantity  virapliQ  (substance)  and  a 
negative  quantity  EWeiyj/tc  (defect  or  want),  and  employs  a  dc- 
curtated  i/^  inverted  and  prefixed  to  denote  minus,  but  employs  no 
corresponding  mark  to  denote  plus. 

The  ninth  definition  states  that  minus  multiplied  by  minus  pro- 
duces plus,  and  that  minus  multiplied  by  plus  produces  minus,  but 
ofPers  no  reason  nor  explanation.^ 

The  imknown  number  is  named  dpcO/ioc,  and  is  denoted  by  c^  the 
final  letter ;  a  lineal  quantity  is  also  designated  by  the  same  word. 
The  monad  or  general  unit  is  denoted  by  the  letters  /i^ 

The  eleventh  definition  contains  some  general  remarks  for  forming 
the  equations.  No  general  rules  are  laid  down  for  the  solution  of 
them,  but  different  assumptions  are  made,  and  ingenious  artifices  are 
employed,  whereby  the  equations  are  very  much  simplified.  In 
general,  a  direct  assumption  is  made  for  the  number  required.  Some- 
times if  the  sum  of  two  numbers  be  g^ven  in  the  problem,  the  difference 
is  assumed ;  but  if  the  difference  be  given,  the  sum  is  assumed  for 
the  unknown  number.  Sometimes  when  two  quantities  are  required, 
their  ratio  is  assumed,  and  other  artifices  are  employed  whereby 
nJmost  all  the  solutions  are  effected  by  means  of  equations  of  the  first 
degree. 


^  The  words  of  the  defiuitiou  arc  : — 

**  Penuria  in  penuriam  ducta,  copiam ;  in  copiam  dacta,  pcnuriam  procreat." 
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The  second  book  contains  thirty-six  problems  with  sohitions ;  the 
third,  twenty-fonr  problems  on  squares  ;  the  fourth  book,  forty-six  on 
cubes  and  squares ;  the  fifth,  twenty-three  on  square  and  cube  num- 
bers, and  some  involving  numbers  in  geometrical  progression.  To 
these  the  editor  has  added  upwards  of  forty  questions  from  the  Greek 
Anthology.  The  sixth  book  contains  twenty-six  problems  relating  to 
properties  of  right-angled  triangles.  The  fragment  on  triangular  and 
polygonal  numbers  contains  only  the  ten  problems  that  are  known 
to  be  extant. 

The  school  of  Alexandria  continued  to  flourish  after  the  age  of 
Diophantus.  Pappus,  an  eminent  mathematician,  lived  in  the  latter 
part  of  the  fourth  century.  His  mathematical  collections  consist  of 
eight  books ;  of  these,  the  first  book  and  the  early  part  of  the  second 
are  not  known  to  be  extant. 

The  last  twelve  propositions  of  the  second  book  were  printed  by 
Dr.  Wallis  in  1688,  at  the  end  of  his  work  entitled,  "  Aristarchus 
Samius ;"  from  which  it  would  appear  that  Arithmetic  was  the  subject 
of  the  second  book  of  the  collections.  The  work  of  Pappus  is  especially 
valuable  as  containing  an  account  of  the  state  of  the  mathematical 
sciences  at  that  period. 

Theon  was  contemporary  with  Pappus,  and  became  president  of 
the  school  at  Alexandria.  As  a  philosopher  and  a  mathematician,  he 
appears  from  the  remains  of  his  Tvri tings  to  have  been  a  student  of  the 
laws  of  nature^  as  well  as  of  the  sciences.  He  understood  the  higher 
use  of  the  mathematical  sciences  as  an  intellectual  discipline,  as  will 
appear  from  the  following  extract  from  his  writings : — 

*  *  The  science  of  number  is  the  mover  and  the  guide  to  truth.  It  is  not 
to  be  studied  with  gross  and  vulgar  views,  but  in  such  a  manner  as 
may  enable  the  student  to  attain  to  the  contemplation  of  the  nature  of 
numbers ;  not  learning  it  merely  for  the  purpose  of  selling  or  of  deal- 
ing with  merchants  or  retailers,  but  for  the  improvement  of  the  mind, 
considering  it  as  the  path  which  leads  to  the  knowledge  of  truth  and 
reality.  The  study  of  this  science  exalts  the  mind,  and  compels  it  to 
think  and  reason  on  numbers  themselves,  as  abstract.  There  are  not 
to  be  admitted  into  its  reasonings,  as  necessary,  any  objects,  either 
visible  or  capable  of  being  numbered.  And  besides  this  study  renders 
a  student  competent  for  all  branches  of  the  mathematics,  and  enables 
the  slow  in  intellect  to  become  more  acute."  ^ 

Proclus,2  in  the  fifth  century,  was  a  student  at  Alexandria,  but  after- 

^  Thcon.  Smj-ni.  c.  i. 

*  Proclus  wrote  the  following  epitiph  to  the  memory  of  his  instructor  Syrianus : — 

npofcAos  4y<a  ytv6ix'tiv  Hvkios  y4vos^  tv  Itvptayus 

'EvBd^*  afxoi0bv  i^s  Bpti^t  BiBatrKoKiris' 
&vyos  8*  avuporipotv  S8c  (Tco/xara  Bt^aro  rvfxfiot 

Af0c  S(  irm  y^vx^f  X^P^^  ^*''  \t\dxoi. 


-wards  removed  to  the  Platonic  school  at  Athens.  At  this  period,  the 
study  of  the  mathematical  sciences  at  Alexandria  was  not  pursued  in 
the  manner  of  Euclid  and  others  of  his  school,  but  had  degenerated 
into  the  dreams  and  fancies  of  the  later  Platonists.  Thej  imagined 
that  they  had  discovered  mysteries  in  numbers  and  in  their  properties. 
They  assumed  imaginary  analogies  as  elementary  truths,  and  constructed 
from  them  the  most  strange  and  absurd  theories.  It  is  very  singular 
that  these  absurdities  of  the  Platonists  have  not  been  without  an 
advocate  in  modern  times  ;  as  the  author  of  '*  Theoretic  Arithmetic  " 
demands :  "  Whether  it  is  possible  that  these  philosophers  could  have 
spoken  thus  sublimely  of  number,  unless  they  had  considered  it  as 
possessiug  an  essence  separate  from  sensibles,  and  a  transcendency 
fabricative,  and  at  the  same  time  paradigmatic." 

After  the  end  of  the  fourth  century,  there  appear  no  names  of 
great  eminence  who  advanced  the  knowledge  of  the  sciences.  The 
dreams  and  subtleties  of  the  later  Platonists  appear  to  have  ab- 
sorbed the  attention  both  of  the  philosophers  and  their  disciples; 
and  Alexandria  continued  to  be  the  chief  seat  of  learning  until  that 
city  was  besieged,  in  a.b.  640,  and  captured  by  the  Saracens,  and  the 
great  library  destroyed.  This  magnificent  library,  from  its  foundation, 
rapidly  increased,  and  became  the  most  extensive  depository  of  writings 
on  science  and  learning  in  the  world,  at  that  period.  Even  in  the  time 
of  Ptolemy  Philadelphus,  the  son  of  the  founder,  it  is  reported  to  have 
contained  no  less  than  10,000  volumes,  and  it  continued  to  increase, 
until,  at  the  time  of  its  destruction,  it  contained  between  700,000  and 
800,000  volumes,  among  which  were  the  originsd  writings  of  ^schylus, 
Sophocles,  and  Euripides. 

It  has  been  maintained  that  the  astronomical  and  other  mathe- 
matical sciences  of  the  Hindus  were  borrowed  from  the  Greeks  ;^  and 

------  —  -  —    -  -  

*  Professor  Dugald  Stewart,  in  his  "Philosophy  of  the  Human  Mind,**  has 
juldaccd  considerations  to  show  that  the  Sanscrit  language  is  derived  from  the 
Greek.  He  considers  that  the  Sanscrit  language  was  formed  on  the  model  of  the 
'Greek,  by  the  Brahmins,  after  the  invasion  of  India  by  Alexander  the  Great,  and 
tliat  it  grew  rapidly  and  attained  its  perfection  as  a  new  language  a  century  before 
tlic  Christian  era. 

The  names  of  the  countries,  rivers,  towns,  &c.,  recorded  in  the  wi-itings  of 
Quintius  Curtius,  Arrian,  and  others  who  have  ^vritten  on  Alexander's  expedition  to 
the  East,  clearly  evince  to  the  reader  that  the  Sanscrit  language  had  an  existence 
before  the  age  of  Alexander.  And  further,  there  are  no  evidences  to  show  that  the 
Greek  language  was  in  use  in  India,  or  that  any  writings  in  that  language  were 
extant  anterior  to  those  in  Sanscrit. 

Sanscrit  woixls  arc  found  in  all  the  various  dialects  spoken  in  India,  and  these 
Uialcets,  so  different  from  each  other,  and  extending  over  voiy  large  tracts  of 
countrj',  may  have  been  derived  from  a  common  jirimeval  tongue,  before  the 
Sanscrit  language  became  a  language  developed. 

Tlicrc  are  very  striking  affinities  between  the  Sanscrit  and  the  Greek  and  Latin 
languages,  both  in  the  words  themselves  and  in  their  inflexions.     All  languages  are 
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further,  that  the  Greek  language,  after  the  conquests  of  Alexander  in 
the  East,  gave  birth  to  the  Sanscrit  language.  The  settlement  of  a 
part  of  Alexander's  army  in  Bactriana,  and  their  government,  which 
lasted  for  130  years,  might  have  influenced  in  some  degree  the  popula- 
tions of  that  and  the  neighbouring  countries.  It  is  not  very  likely 
that  there  was  much  intercourse  between  the  rulers  of  Bactriana  and 
the  people  of  Greece.  Of  the  numerous  facts  adduced  in  favour  of  the 
priority  of  Greek  science,  one  may  be  here  mentioned.  It  is  true  that 
the  twelve  signs  of  the  zodiac  are  identical  both  in  the  astronomy  of 
the  Greeks  and  the  Hindus.^    But  it  is  uncertain  whether  the  Hindus 


subject  to  growth  and  improvcinent,  and  it  cannot  be  conceived  that  all  the  words 
and  constructions  of  the  Greek,  or  any  other  language,  were  coeval  with  the  earliest 
use  of  that  language.  This  may  be  understood  by  a  comparison  of  the  English 
language  in  its  present  form,  with  the  language  in  the  time  of  Chancer,  and  with 
the  earlier  form  of  the  Anglo-Saxon. 

The  obvious  affinity  between  Sunscrit,  Greek,  and  Latin  words,  and  the  variety 
of  inflected  forms  existing  in  Sanscrit,  and  almost  the  same  found  in  Greek  and 
Latin  inflexions,  afford  at  least  a  strong  ground  for  the  presumption  that  the  tribes 
which  founded  the  Greek  and  Latin  colonies  had  brought  with  them  a  language, 
either  the  Sanscrit  or  some  cognate  dialect  of  that  language.  In  fact,  the  common 
origin  both  of  Sanscrit,  Greek,  and  Latin,  as  well  as  their  offshoots,  must  bo 
referred  to  some  primitive  tongue.  The  resemblances  in  words,  with  their  deriva- 
tions and  inflexions,  notwithstanding  the  changes  which  these  languages  have 
I  undergone  in  the  course  of  ages,  supply  an  indication  of  their  relation  to  the  same 
j'.imily.     Examples  may  be  seen  in  Dr.  Donaldson's  New  Cratylus,  3rd  Ed.,  1859. 

From  p.  477  of  the  third  volume  of  E.  T.  Colebrooke's  Essays,  edited  by  Pro- 
fessor Co  well,  the  following  note  of  the  Professor  is  extracted: — "Dr.  Kern 
gives  a  list  of  thirty-six  Greek  words  which  occur  in  Varahamihira's  Vrihat  Sanhita 
[(h-eat  Course  of  Astrology].  The  signs  of  the  zodiac  (except  Cancer),  Kriya, 
Tavuri,  Jituma,  Leya,  Pathena,  Dyuka  or  Juka,  Kaurpya,  Taukshika,  Akokcra, 
Hridroga,  Ittham  : — Heli  (fiAios),  Himna  (*E/>/i^j),  Ara  CA/>ijf),  Jyau  (Z(i;f),  Kona 
{KpSi^os),  Asphujit  ('A^poSfri}),  hora,  kendra,  dreslikana  or  drekkana,  lipta,  auapha 
{iufo^yfi),  sunapha  (ffvya^),  dumdhara  {Zopv^pta),  kemndruma  (xpVf^o,riafi6s),  vesi 
{^>d(rts)f  apoklima  (&r^icAi/Aa),  panaphara  (^irara^opa),  hibuka  (^ir^yctoy),  jamitra 
(8ie(^€Tpof),  meshivana  {fi€(rovpdv7ifjta)f  dyunam  ur  dyutam  (Zvtik6v  ?),  rihpha  (fii^), 
and  harija  {6pi(wy)." 

^  The  Hindu  division  of  the  ecliptic  is  the  same  as  that  of  the  Greeks.  Their 
astronomical  year  was  sidereal  (being  the  space  of  time  in  which  the  sun  departing 
from  a  star  returns  to  the  same),  and  commenced  at  the  instant  when  the  sun  enters 
tlie  firat  degree  of  the  sign  Aries,  or  the  Hindu  constellation  Mesha.  The  inclina- 
tion of  the  ecliptic  to  the  equator  is  stated  in  the  Surya  Siddhanta  to  be  twenty- 
four  degre*»s. 

It  was  the  opinion  of  Sir  William  Jones  that  the  Indian  zodiac  was  not  borrowed 
from  the  Greek  ;  and  if  the  solar  divisions  of  it  in  India  were  the  same  as  in 
Greece,  it  may  reasonably  be  concluded,  that  both  Greeks  and  Hindus  had  received 
it  from  an  older  nation  which  flrst  gave  names  to  the  constellations,  and  from  which 
l>oth  Greeks  and  Hindus,  as  the  similarity  of  their  language  fully  evinces, 
bad  a  common  origin.  Sir  \Villiam  Jones  received  the  following  account  from 
two  learned  Brahmins.  "  The  Hindus  divide  the  circle  of  the  heavens  into  360 
l)ortious,  and  allot  SO  to  each  of  the  twelve  constellations  of  the  zodiac  in  this  order  i 
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received  this  knowledge  from  the  Greeks,  or  the  Greeks  from  the 
Hindus,  or,  what  is  perhaps  the  more  probable,  whether  each  originally 
received  it  from  some  independent  source.  There  is,  however,  one 
fact  which  distinguishes  Hindu  mathematical  science  from  that  of  the 
Greeks,  and  which  has  given  both  perfection  and  simplicity  to  the 
Hindu  system  of  calculation.  It  is  that  which  consists  in  **  the  device 
of  place  "  in  their  arithmetical  notation ;  a  contrivance  which  gives  to 
each  fig^e  employed,  a  power  depending  on  the  place  it  occupies,  in 
addition  to  the  value  it  is  assumed  to  have  by  itself. 

The  Hindus  themselves  can  give  no  historical  account  of  the  origin 
or  discovery  of  the  sciences  of  arithmetic  and  algebra,  nor  even  of  the 
inventor  of  the  denary  scale  of  numeral  notation,  one  of  the  most 
simple,  and  at  the  same  time  the  most  perfect  of  inventions. 

In  the  year  1817  Mr.  Oolebrooke  published  a  translation  of  four 


Hesha,  the  Kam  ;  Sinha,  the  Lion  ;  Dhanns,  the  Bow  ;  Yrisna,  the  Bull ;  Ganya, 
the  Yiigin  ;  Macara,  the  Sea  Monster ;  Mithnno,  the  Pair ;  Tula,  the  Balance ; 
Cnmbha,  the  Ewer ;  Carcata,  the  Crab  ;  Vrishchica,  the  Scorpion ;  Kina,  the 
Fish."  The  figures  of  the  twelve  asterisms  thus  denominated  with  respect  to  the 
sun  are  specified  in  Sanscrit  verses,  of  which  the  following  is  a  verbal  translation  : — 

"The  Bam,  Bull,  Crab,  Lion,  and  Scorpion  have  the  figures  of  those  five  animals 
respectively :  the  Pair  are  a  damsel  playing  on  a  vina,  and  a  youth  wielding  a 
mace ;  the  Virgin  stands  on  a  boat  in  the  water,  holding  in  one  hand  a  lamp,  in 
the  oUier  an  ear  of  rice-corn ;  the  Balance  is  held  by  a  weigher  with  a  weight  in 
one  hand ;  the  Bow,  by  an  archer,  whose  hinder  parts  are  like  those  of  a  horse ; 
the  Sea  Monster  has  the  face  of  an  antelope ;  the  Ewer  is  a  water-pot  borne  on 
the  shoulder  of  a  man,  who  empties  it ;  the  Fish  are  two,  with  their  heads  turned 
to  each  other's  tails  ;  and  all  those  are  supposed  to  be  in  such  places  as  suit  their 
several  natures." 

The  Greek  names  of  the  constellations  of  the  zodiac  as  recorded  in  the  Phe* 
nomena  of  Aratus,  are: — 1.  Kpths,  the  Ram:  2.  TaSpos,  the  Bull:  8.  Ai8v/ioi,  the 
Twins:  4.  KapKiyos,  the  Crab:  5.  AcW,  the  Lion:  6.  Tlapeivos,  the  Virgin:  7. 
XifAoi,  the  Claws :  8.  2«opir(os,  the  Scorpion :  9.  To^cvr^r,  the  Archer :  10. 
AiTi^JCfpcvT,  the  Horned  Goat :  11.  ^^poxios,  the  Man  that  holds  the  watering  urn  : 
12.  'Ix^^ct,  the  fishes.  Eudoxus,  from  whose  work  Aratus  comi)osed  his  poem 
entitled  "The  Phenomena,"  made  XijXo},  the  claws,  to  occupy  the  seventh,  and  the 
remaining  portion  of  the  Scorpion,  the  eighth  division  of  the  zodiac.  Aratus  gives 
to  ibis  sign  tho  name  of  fityaSiipuiu  (line  82),  the  great  beast.  After  the  time  of 
Aratus,  Liln-a,  the  Balance,  was  made  to  occupy  the  eighth  division  of  the  zodiac ; 
and  Virgil  (Georg.  i.  32—36)  suggests  that  the  Scorpion  had  drawn  in  his  oJaws  to 
make  room  for  the  constellation  Libra,  in  honour  of  Augustus.  In  Gen.  xxxni.  9, 
can  there  be  any  allusion  to  the  eleven  constellations  of  the  zodiac  f 

In  the  Hindu  system  of  astronomy  the  planets  are  :  Surya,  the  Sun ;  Bndha, 
Mercury ;  Sucra,  Venus  ;  Mangala,  Mars  ;  Vrihaspati,  Jupiter ;  Sani,  Saturn  ; 
Chandra,  the  Moon.  These  are  supposed  to  move  in  their  respective  orbits  at  the 
same  rate  ;  the  dimensions  of  the  moon's  orbit  being  known,  those  of  other  planets 
are  determined,  according  to  their  periodical  revolutions,  by  proportion.  The 
Hindus  have  observed  that  the  moon  revolves  once  on  her  axis  in  a  lunar  month, 
and  has  the  same  side  always  opposed  to  the  earth.  They  have  also  noticed  the 
difference  of  her  apparent  magnitude  on  the  horizon  and  on  the  meridian. 
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ancient  treatises  on  Arithmetic  and  Algebra,^  written  in  the  Sanscrit 
language,  with  a  learned  dissertation  on  those  subjects.  Two  of  these 
treatises,  one  on  Arithmetic  and  the  other  on  Algebra,  constitute  the 
twelfth  and  eighteenth  chapters  of  one  of  the  systems  of  Hindu  As- 
tronomy, entitled  **  Brahma-Siddhanta."  The  fact  of  these  treatises 
being  foxmd  in  the  midst  of  a  system  of  astronomy,  where  the  princi- 
ples of  one  science  are  employed  to  aid  in  the  development  of  another, 
affords  at  least  a  presumption  that  they  were  not  of  recent  invention, 
but  had  existed  in  a  former  age,  and  had  passed  through  stages  of 
improvement.  This  presumption  is  supported  by  the  fact  that  these 
treatises  are  composed  in  Sanscrit  verse. 

It  may  also  be  remarked  that  almost  all  the  examples  in  the  treatise 
on  Algebra  relate  to  astronomy.  The  author  has  given  his  own  date 
in  the  Brahmasphuta  Siddhanta in  the  following  form :  "In  the  reign 
of  Sri  Yyaythramukha,  of  the  Sri  Chapa  dynasty,  550  years  (a.d.  628) 
after  the  Saka  king  (Salivahana)  having  passed,  Brahmegupta,  the 
son  of  Jishnu,  at  the  age  of  thirty,  composed  the  Brahmegupta  Sidd- 
hanta, for  the  gratification  of  mathematicians  and  astronomers."  * 

Mr.  Colebrooke  considers  that  these  treatises  are  not  the  oldest 
composed  by  Hindu  writers,  and  remarks  that  Ganesa,  a  learned 
commentator,  has  quoted  a  passage  from  a  work  of  Aryabhatta  (an 
older  writer  than  Brahmegupta),  and  that  another  commentator  has 
named  him  as  one  of  the  earliest  writers  on  these  sciences.  Dr.  Bhau 
Daji,  in  his  essay,  has  shown  that  Aryabhatta  was  bom  a.d.  476,  as 
given  by  himself  in  the  Aryashtasata.  He  calls  himself  a  native  of 
Kusumapura,  or  Pataliputra.  His  work  is  written  with  great  atten- 
tion to  conciseness.  Yaraha-Mihira  flourished  about  a.d.  505,  and 
died  A.D.  587.  He  has  cited  Aryabhatta  by  name  in  a  passage  given 
by  Bhatta  Utpala,  and  quoted  in  the  commentaiy  on  the  Yarahi 
Sanhita.  It  is  highly  probable  that  the  Bomaka  Siddhanta  was 
composed  about  a.d.  505,  and  Yaraha-Mihira  founded  his  Fancha 
Siddhantika  Karana  on  the  Bomaka  Siddhanta,  and  four  other  works. 
It  is  therefore  clear  that  Yaraha  could  not  have  lived  before  a.d.  505. 
It  appears  that  Aryabhatta  affirmed  the  diurnal  rotation  of  the 
earth  on  its  axis,  and  calculated  its  circumference,  which,  when 
reduced,  was  equivalent  to  25,080  English  miles ;  that  he  possessed 
the  true  theory  of  lunar  and  solar  eclipses,'  affirming  the  moon  and 


^  Algebra,  with  Arithmetic  and  Mensuration,  from  the  Sanscrit  of  Brahmegupta 
and  Bhascara,  translated  by  Henry  Thomas  Colebrooke,  Esq.,  F.R.S.,  &c.  London, 
1817-     (Reviewed  In  the  "  Edinburgh  Review  "  for  November,  1817.) 

'  See  Journal  of  the  Asiatic  Society,  1865.  Brief  notes  on  the  age  and  authen- 
ticity of  the  works  of  Aryabhatta,  Yaraha-Mihira,  Brahmegupta,  Bhatta  Utpala, 
and  Bhascar-Achnrya.     By  Dr.  Bhau  Daji. 

>  See  Journal  of  the  Asiatic  Society,  1863,  vol.  ix.     On  the  Surya  Siddhanta, 
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primary  planets  to  be  illuminated  by  the  Bun ;  that  he  noticed  the 
motion  of  the  solstitial  and  eqi^inoctial  points ;  and  that  he  recognised 
a  motion  of  the  nodes  and  apsides  of  all  the  primary  planets  as  well 
as  of  the  moon.  His  work  on  Astronomy  embraced  treatises  on 
Arithmetic^  Algebra,  and  Geometry. 

Mr.  Colebrooke  was  led  to  consider  that  if  Brahmegupta  was  not 
the  oldest  writer  on  these  sciences,  he  improred  and  extended  the 
knowledge  of  them  as  they  existed  in  his  time.  In  the  age  of  Meya, 
the  author  of  the  Surya  Siddhanta,  the  moon's  horizontal  parallax 
was  made  to  be  53'  2(X',  which  gave  the  mean  distance  from  the  earth 
220,184  in  English  geographical  miles,  whereas  European  astronomers 
compute  the  mean  distance  of  the  moon  about  240,000.  The  Hindus 
took  no  notice  of  the  errors  £arising  from  refraction,  and  their  taking 
the  moon's  motion  as  along  the  sine  instead  of  its  arc,  may  be  noted. 
But  they  were  not  wholly  ignorant  of  optics ;  they  knew  the  angles  of 
incidence  and  refraction  to  be  equal,  and  computed  the  place  of  a  star 
or  planet  as  it  would  be  seen  reflected  from  water  or  a  mirror. 

There  is  also  a  perpetual  commentary  on  the  work  of  Brahmegupta, 
composed  by  Ohaturveda  Prithudaca  Swami.  He  successively  quotes 
at  leng^  every  verse  of  the  text,  interprets  it  word  by  word,  and 
subjoins  elucidations  and  remarks.  It  is  impossible  to  donbt  that  the 
knowledge  of  these  sciences  had  a  wide  extension  long  before  they 
assumed  the  form  in  which  they  are  found  exhibited. 

Of  the  treatises  of  Brahmegupta  forming  the  twelfth  and  eighteenth 
chapters  of  his  Astronomy,  the  former  begins  with  the  declaration : 
**  He  who  distinctly  and  severally  knows  addition  and  the  rest  of  the 
twenty  logisticSi  and  the  eight  determinations,  including  measurement 
1^  shadow,  is  a  mathematician." 

It  consists  of  ten  sections,  which  are  respectively  entitled,  Algo- 
rithm, Mixture,  Progression,  Plane  Figure,  Excavations,  Stacks, 
Law,  Mounds  of  Grain,  Measure  by  Shadow,  Supplement.  The 
eighteenth  chapter  consists  of  eight  sections,  which  are  named  Pul- 
verizer, Algorithm,  Simple  Equation,  Quadratic  Equation,  Equation 


and  the  Hindu  Method  of  Calculating  Eclipses,  by  William  Spottiswoode,  M.A., 
F.R.S.,  &C. 

In  the  second  yoliune  of  the  Asiatic  Besearches,  printed  at  Calcutta,  is  an 
essay  on  the  Astronomical  Computations  of  the  Hindus.  This  essay  was  drawn  up 
by  Samnel  Davis,  Esq.,  whose  curiosity  had  been  raised  to  know  by  what  means  the 
jirediction  of  eclipses  and  other  celestial  phenomena,  published  in  the  Hindu  Patra 
or  Almanac,  had  been  effected.  He  procured  a  copy  of  the  Surya  Siddhanta,  an 
ancient  treatise  on  Astrooomy,  and  a  commentary  on  the  text,  with  other  Sanscrit 
works  on  the  subject.  The  object  of  Mr.  Davis's  essay  is  to  exhibit  a  computation 
of  an  eclipse  of  the  moon  which  was  predicted  in  the  Hindu  Patra  to  happen  in  the 
mouth  of  November,  1789,  not  merely  on  the  principles,  but  strictly  by  the  rules  of 
the  Sorja  Siddhanta.  His  essay,  with  the  computations,  extends  over  sixty-three 
]i8ge8. 
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of  several  unknown,  Equation  involving  a  Factum,  Square  affected  by 
a  Coefficient,  Problems.  The  author  concludes  the  last  section  in  these 
words:  *' These  questions  are  stated  merely  for  gratification.  The 
proficient  may  devise  a  thousand  others  ;  or  may  resolve  by  the  rules 
taught,  problems  proposed  by  others.  As  the  sun  obscures  the  stars, 
so  does  the  proficient  eclipse  the  glory  of  other  astronomers  in  an 
assembly  of  people,  by  the  recital  of  algebraic  problems,  and  still  more 
by  their  solution." 

The  treatises  of  Brahmegupta,  on  Arithmetic  and  Algebra,  are  two 
of  the  most  ancient  known  to  be  extant ;  but  they  are  not  so  complete 
nor  extensive  in  the  subjects  they  embrace  as  the  other  two  which  form 
the  first  portion  of  Mr.  Oolebrooke's  publication.  These  are  entitled 
the  Lilavati  and  the  Vija  Ganita,  the  former  a  treatise  on  Arithmetic, 
and  the  other  a  treatise  on  Algebra.  They  constitute  the  introduction 
to  a  course  of  Astronomy^  entitled  Siddhanta  Siromani.     The  author, 

1  "  Bhascara  argues,  that  it  is  more  reasonable  to  suppose  the  earth  to  be  self- 
balanced  in  infinite  space,  than  that  it  should  Ite  supported  by  a  series  of  animals, 
with  nothing  assignable  for  the  last  of  them  to  rest  upon  ;  and  Nerasiuhay  in  his 
commentary,  shows  that  by  Rahu  and  Cetu,  the  head  and  tail  of  the  monster,  in 
the  sense  they  generally  bear,  could  only  bo  meant  the  position  of  tlie  moon's  nodes, 
and  the  quantity  of  her  latitude,  on  which  eclipses  do  certainly  depend ;  but  he 
does  not  therefore  deny  the  reality  of  Eahu  and  Cetu  ;  on  tlie  contrary,  he  says  that 
their  actual  existence  and  presence  in  eclipses  ought  to  be  believed,  and  may  be 
maintained  as  an  article  of  faith  without  any  prejudice  to  astronomy." 

Mr.  Davis  adds  the  following  translation  of  a  sentence  from  the  Sanscrit  on  the 
controversy : — 

<<  Fruitless  are  all  other  Sastras  ;  in  them  is  contention  only  : 
Fruitful  is  the  Jyotish  Sastra,  where  the  sun  and  moon  are  two  witnesses." 

**  There  are  certain  learned  pundits  who  have  truer  notions  of  the  earth  and  the 
economy  of  the  universe  than  are  ascribed  to  the  Hindus  in  general ;  and  that  they 
must  reject  the  ridiculous  belief  of  the  common  Brahmins,  that  eclipses  are  occa- 
sioned by  the  intervention  of  the  monster  Eahu,  with  many  other  particulars 
equally  unscientific  and  absurd.  But  as  this  belief  is  founded  on  explicit  and  posi- 
tive declarations  contained  in  the  Veda^  and  Puranas,  the  divine  authority  of  which 
writings  no  devout  Hindu  can  dispute,  the  astronomers  have,  some  of  them, 
cautiously  explained  such  passages  in  those  writings  as  disagree  with  the  principles 
of  their  own  science  ;  and,  when  reconciliation  was  impossible,  have  apologised,  as 
well  as  they  could,  for  propositions  necessarily  established  in  the  practice  of  it,  by 
observing  that  certain  things,  as  stated  in  other  Sastras,  '  might  have  been  so  for- 
merly, and  may  be  so  still ;  but  for  astronomical  purposes,  astronomical  rules  must 
be  fi.dlowed.'  Others  have,  with  a  bolder  spirit,  attacked  and  refuted  unphilo- 
sophical  opinions." 

Sir  William  Jones  has  given  the  following  account  of  the  two  systems,  which 
he  received  from  a  venerable  Hindu  mathematician  : — 

**  The  Pauranics  will  tell  you  that  our  earth  is  a  plane  figure  studded  with  eight 
mountains,  and  surrounded  by  seven  seas  of  milk,  nectar,  and  other  fluids  ;  that 
the  part  which  we  inhabit  is  one  of  seven  islands,  to  whioh  eleven  smaller  isles  arc 
subordinate  ;  that  a  god,  riding  on  a  huge  elephant,  guards  each  of  the  eight  regions  ; 
and  that  a  mountain  of  gold  lises  and  gleams  in  the  centre ;  but  we  believe  the 


15 

Bhascara  Acharya,  tlius  gives  the  date  of  his  work :  '<  In  the  year  1 036 
(▲.D.  1114)  of  the  Saka  king  I  was  bom ;  and  at  the  age  of  thirty-sir 
I  composed  the  Siddhanta  Siromani." 

In  the  age  of  Brahmegupta  there  appear  to  have  existed  five 
very  ancient  treatises  on  Astronomy,  which  also  embraced  Astrology, 
under  the  names  of  Paulisa-Siddhanta,  Eomaca- Siddhanta,  Yasishtha- 
Siddhanta,  Surya-Siddhanta,'  and  Brahma-Siddhanta.     It  was  from 


earth  to  be  shaped  liko  a  cadamba  fruit,  or  spheroidal,  and  admit  only  four  oceans 
of  salt  water,  all  of  which  we  name  from  the  four  cardinal  points,  and  in  which  are 
many  great  peninsulas,  with  Innumerable  islands.  They  will  tell  you  that  a  dragon's 
head  swallows  the  moon,  and  thus  causes  an  eclipse  ;  but  we  know  that  the  supposed 
head  and  tail  of  the  dragon  mean  only  the  nodes,  or  points  formed  by  intersections 
of  the  ecliptic  and  the  moon's  orbit  In  short,  they  have  imagined  a  system,  which 
exists  only  in  their  fancy  ;  but  we  consider  nothing  as  true,  without  such  evidence 
as  cannot  be  questioned." 

The  following  passage,  which  appeared  in  the  Times  of  ^larch  28,  1877,  U 
quoted  to  show  that  faith  in  Rahn  and  Cetu,  tvith  other  superstitions,  such  as 
judicial  astrology,  still  hold  a  potent  spell  in  the  eastern  parts  of  the  world : — 

"On  the  recent  eclipse  of  the  moon,  the  Turks  at  Constantinople  were  reported 
to  have  fired  guns,  according  to  traditional  custom,  in  order  to  frighten  the  dragon 
devouring  that  luminary  into  releasing  its  prey.  A  letter  from  Constantinople  in 
the  Journal  de  OerUve  records  another  illustration  of  Oriental  beliefs.  It  states  that 
the  opening  of  the  new  parliament  was  postponed  from  the  13th  to  the  19th,  not,  as 
represented,  to  give  the  deputies  time  to  arrive,  but  because  the  astrologer  of  the 
seraglio  reported  against  the  original  date,  and  recommended  not  only  the  day,  but 
the  precise  hour  of  the  ceremony." 

^  In  the  first  Section  of  the  Surya  Siddhanta,  it  is  stated  that  **  Time  of  the 
denomination  of  Murta  (sidereal  time)  is  estimated  by  respirations ;  six  respiititions 
make  a  vicala  (second);  sixty  viealas  a  danda;  sixty  daiidas  a  Tuicshatra  (sidereal) 
day ;  and  thirty  nacshatra  days  a  nacshatra  month.  The  Savan  (solar)  month  is 
that  contained  between  thirty  successive  risings  of  Sitrya  (the  Sun),  and  varies  in  its 
length  according  to  the  Lagna  Bhirja  (right  ascension).  Thirty  titIi.U  (lunar)  days 
compose  the  cKandra  (lunar)  month.  The  Saura  month  is  that  in  which  the  sun 
describes  one  sign  of  the  zodiac,  and  his  passage  through  the  twelve  signs  is  one 
year,  and  one  of  those  years  is  a  Deva  day,  or  day  of  the  gods." 

Sir  William  Jones,  in  an  essay  on  the  Chronology  of  the  Hindus,  written  in  1788, 
and  printed  in  the  second  volume  of  the  Asiatic  Researches,  has  shown  how  far  the 
great  antiquity  of  the  Hindus,  so  firmly  believed  by  themselves,  is  worthy  of  credit. 
He  gives  a  concise  account  of  Indian  chronology,  extracted  from  Sanscrit  books,  or 
conversations  with  pundits,  and  subjoins  a  few  remarks  on  their  system,  without 
attempting  to  decide  the  question  which  he  ventured  to  start — "Whether  it  is  not 
in  fact  the  same  with  our  own,  but  embellished  by  the  fancy  of  their  poets  and  the 
riddles  of  their  astronomers." 

After  lelating  incredible  stories  and  wonderful  periods  of  time,  he  writes : — "  Let 
us  compare  the  two  Indian  accounts  of  the  Creation  and  the  Deluge  with  those 
delivered  by  Moses.  It  is  not  made  a  question  in  this  tract,  whether  the  first 
chapters  of  Genesis  are  to  be  understood  in  a  literal  or  merely  allegorical  sense.  The 
only  points  are,  whether  the  creation  described  by  the  first  i/imu,  which  the  Brah- 
mins call  that  of  the  Lotosy  bo  not  the  same  with  that  recorded  in  our  Scriptures  ? 
and  whether  the  story  of  the  seventh  Menu  be  not  one  and  the  same  with  that  of 
l^ooh  ?    I  propose  the  questions,  but  affirm  nothing ;  leaving  others  to  settle  their 
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these  treatises  that  Brahmegiipta  compiled  his  treatise  on  Astronomy. 
Also  from  these  iive  treatises  Yaraha-Mihira,  a  writer  of  an  earlier 

opiiilons,  whether  Adam  be  derived  from  adim,  which  in  Sanscrit  means  the  firsts  or 
Menu  from  ^N'uh,  the  tnie  name  of  the  patriarch ;  .  .  .  .  whether  the  two  Menus 
can  mean  any  other  persons  than  the  great  progenitor  and  the  restorer  of  our 
species." 

In  the  third  volume  of  the  Asiatic  Keseorches,  Lieutenant  "Wilford  printed  an 
essay  on  Egypt  and  the  Nile,  from  the  ancient  books  of  the  Hindus,  with  some  brief 
remarks  by  8ir  William  Jones.  In  those  remarks  is  given  the  following  literal 
translation  of  a  passage  of  the  Padma-Pnran  : — "  To  Satyavarman,  that  sovereign  of 
the  whole  earth,  were  bom  three  sons :  the  eldest,  Sherma ;  then  Charma ;  and 
thirdly,  Jy&peti  by  name.  They  were  all  men  of  good  morals,  excellent  in  virtue 
and  virtuous  deeds,  skilled  in  the  use  of  weapons  to  strike  with  or  be  thrown  ;  brave 
men,  eager  for  victory  in  battle.  But  Satyavarman,  being  continually  delighted  with 
devout  meditation,  and  seeing  his  sons  iit  for  dominion,  laid  upon  them  the  burden 
of  government,  whilst  he  remained  honouring  and  satisfying  the  gods,  and  priests, 
and  kine.  One  day,  by  the  art  of  destiny,  the  king  having  drunk  mead,  became 
senseless,  and  lay  asleep  naked ;  then  was  he  seen  by  Charma,  and  by  him  were  his 
two  brothers  called.  To  wham  lie  said :  *  What  now  has  befallen  ?  In  what  state  is 
this  our  sire  1  *  By  those  two  was  he  hidden  mth  clothes,  and  called  to  his  senses  again 
and  again.  Having  recovered  his  intellect,  and  perfectly  knowing  what  had  passed, 
he  cursed  Charma,  saying,  *  Thou  shalt  be  the  servant  of  servants  ;  and,  since  thou 
wast  a  laugher  in  their  presence,  from  laughter  shalt  thou  acquire  a  name.'  Then 
he  gave  to  Sherma  the  wide  domain  on  the  south  of  the  snowy  mountain,  and  to 
Jyfepeti  he  gave  all  on  the  north  of  the  snowy  mountain  ;  but  he,  by  the  power  of 
religious  contemplation,  attained  supreme  bliss."  On  this  he  remarks  :  "Now  you 
win  probably  think  that  even  the  conciseness  and  simplicity  of  this  narrative  are- 
excelled  by  the  Mosaic  relation  of  the  same  adventure  ;  but,  whatever  may  be  our 
opinion  of  the  old  Indian  style,  this  extract  most  clearly  proves  that  the  Satyavrata, 
or  Satyavarman  of  the  Purans,  was  the  same  personage  as  the  Noah  of  Scripture,  and 
we  consequently  fix  the  utmost  limit  of  Hindu  chronology  ;  nor  can  it  be  with  reason 
inferred  that  the  divine  legislator  borrowed  any  part  of  his  work  from  the  £g3rptians. 
He  was  deeply  versed,  no  doubt,  in  all  their  learning,  such  as  it  was  ;  but  he  wrote 
what  he  knew  to  be  tnith  itself,  independently  of  their  tales,  in  which  truth  was 
blended  with  fables  ;  and  their  age  was  not  so  remote  from  the  days  of  the  patriarch, 
but  that  every  occurrence  in  his  life  might  naturally  have  been  preserved  by  tradi* 
tion  from  father  to  son." 

If  the  longevity  of  human  life  during  the  period  before  the  deluge  be  admitted, 
and  the  traditional  genealogies  in  the  book  of  Genesis  be  correct,  it  may  be  shown 
that  the  early  traditions  therein  recorded  from  the  time  of  Adam  to  Moses  passed 
through  seven  intermediate  persons.  See  Gray's  Key  to  the  Old  Testament,  pp. 
80,  81. 

In  a  supplementary  note.  Sir  William  Jones  adds  : — "  But  whatever  may  be  the 
comparative  antiquity  of  the  Hindu  Scriptures,  we  may  safely  conclude  that  the 
Mosaic  and  Indian  chronologies  are  perfectly  consistent ;  that  Menu,  son  of  Brahma, 
was  the  Adima,-or  first  created  mortal,  and  consequently  our  Adam  ;  that  Menu, 
child  of  the  sun,  was  preserved  with  seven  others  in  a  hahitray  or  capacious  ark, 
from  an  universal  deluge,  and  must  therefore  be  our  Noah ;  that  Hiranyacasipu, 
the  giant  with  a  golden  axe,  and  Vali  or  Bali,  were  impious  or  arrogant  monarchs, 
and  most  probably  our  Nimrod  and  Belus ;  that  the  three  Ramas,  two  of  whom 
were  invincible  warriors,  and  the  third,  not  only  valiant  in  war,  but  the  patron  of 
agriculture  and  wine,  which  derive  an  epithet  from  his  name,  were  different  repre- 
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a<v-e,  is  understood  to  have  compiled  his  astronomical  treatise  named 
Pancha-Siddhanta. 


sentations  of  the  Grecian  Bacchus,  and  either  the  Kama  of  Scripture,  or  his  colony 
personified,  or  the  sun  first  adored  by  his  idolatrous  family ;  that  a  considerable 
emigration  from  Chaldea  into  Greece,  Italy,  and  India  happened  about  twelve 
centuries  before  the  birth  of  our  Saviour  ;  that  Sacya  or  Sisak,  about  two  hundred 
years  after  Vyasa,  either  in  person  or  by  a  colony  from  Egypt,  imported  into  this 
country  [Bengal]  the  mild  heresy  of  the  ancient  Bauddhas  ;  and  that  the  dawn  of 
tme  Indian  history  appears  only  three  or  four  centuries  before  the  Christian  era,  the 
preceding  ages  being  clouded  by  allegory  or  fable." 

Lieutenant  (since  Captain)  Wilford  employed  a  learned  Brahmin  to  make  extracts 
from  Sanscrit  books  to  aid  him  in  a  second  essay  he  was  writing  on  the  Sacred  Isles 
of  the  West.  In  the  course  of  collating  the  Sanscrit  authorities  quoted  or  referred 
to.  Captain  Wilford  discovered  some  discolorations  in  the  manuscripts,  which  led 
liim  to  suspect  deception,  which  examination  fully  verified.  This  discovery  naturally 
excited  his  apprehension  that  a  similar  imposition  had  been  practised  upon  him, 
both  with  respect  to  the  extracts  for  his  former  essay  on  Egypt  and  the  Nile,  and 
that  the  Porana,  in  which  he  had  actually  and  carefully  read  the  passage  which  he 
comroimicated  to  Sir  William  Jones,  as  an  extract  from  it,does  not  contain  that  passage  ; 
and  that  it  was  intei'polated  by  the  dextrous  introduction  of  a  forged  sheet,  dis- 
coloured, and  prepared  for  the  purpose  of  deception,  and  which,  having  served  tliis 
purpose,  was  afterwards  withdrawn.  The  forgeries  of  the  pundit  (Captain  Wilford 
observes)  were  of  three  kinds  :  1.  A  word  or  two  was  only  altered.  2.  Such  legends 
as  had  undergone  a  more  material  alteration.  8.  All  tiiose  which  he  had  written 
from  memor}'.  With  regard  to  those  of  the  first  class,  when  he  found  that  I  was 
resolved  to  make  a  collation  of  the  manuscript,  he  began  to  adulterate  and  disfigure 
his  own  manuscript,  mine,  and  the  manuscripts  of  the  college,  by  erasing  the  original 
same  of  the  country,  and  putting  that  of  Egypt  or  of  Swetam  in  its  place. 

"  To  prevent  my  detecting  those  of  the  second  class,  which  were  not  numerous, 
but  of  the  greatest  importance  in  their  nature  (and  as  books  in  India  are  not  bound 
as  in  Europe,  and  every  leaf  is  loose),  he  took  out  one  or  two  leaves,  and  substituted 
others  with  an  adulterous  legend.  In  books  of  some  antiquity,  it  is  not  uncommon 
to  see  a  few  new  leaves  inserted  in  the  room  of  others  that  were  wanting. 

"To  conceal  the  more  numerous  impositions  of  the  third  class,  he  had  the 
patience  to  write  two  voluminous  sections,  supposed  to  belong,  one  to  the  Scanda- 
Purana,  and  the  other  to  the  Bramanda,  in  which  he  connected  all  the  legends 
together,  in  the  usual  style  of  the  Puranas.  These  two  sections,  as  he  wrote  them, 
consist  of  no  less  than  12,000  slocas  or  lines,  the  title  of  which  he  borrowed. 

"  The  first  imposition  is  a  legend  of  the  greatest  importance,  and  is  said  to  be 
extracted  from  the  Padma-Pnrana.  It  contaLus  the  history  of  Noah  and  his  three 
sons,  and  is  written  in  a  masterly  style.  But  unfortunately  there  is  not  a  word 
of  it  to  be  found  in  that  Purana.'' 

The  following  is  the  passage  referred  to  from  Captain  Wilford's  Essay,  pp.  312, 
313  : — "  It  is  related  in  the  Padma-Furan,  that  Satyavrata,  whose  miraculous  pre- 
servation from  a  general  deluge  is  told  at  length  in  the  Matsya,  had  three  sons,  the 
eldest  of  whom  was  named  Jy&peti,  or  lord  of  the  earth.  The  others  were  Charma 
and  Sharma,  which  last  words  are,  in  the  vulgar  dialects,  usually  pronounced  Cham 
and  Sham  ;  as  we  frequently  hear  Kishu  for  Crishna.  The  royal  patriareh  (for  such 
is  his  character  in  the  Purans)  was  particularly  fond  of  Jy&peti,  to  whom  he  gave 
all  the  regions  to  the  north  of  Himalaya,  or  the  Snowy  Mountains,  which  extend 
from  sea  to  sea,  and  of  which  Caucasus  is  a  part.  To  Sharma  he  allotted  the 
countries  to  the  south  of  these  mountains.     But  he  cursed  Charma ;  because,  when 
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Aryabhatta,  an  astronomer  of  a  still  earlier  age,  is  quoted  by  suc- 
ceeding writers  in  support  of  the  precession  of  the  equinoxes. 
Though  Brahmegupta  in  his  treatise  is  silent  on  the  subject,  Bhascara 
and  others  have  afErmed  a  periodical  revolution  of  the  places  of  the 
colures.  The  reason  of  the  omission  or  denial  of  this  periodical 
motion  is  attributed  by  Bhascara  to  the  very  small  quantity  of  the 
deviation,  and  he  states,  in  reference  to  Brahmegupta,  that  '^  in 
mathematical  science,  holy  tradition  is  authority  so  far  only  as  it 
agrees  with  demonstration,"  and  adds :  **  Such  motion  as  results  from 
the  assigned  revolutions  must  be  admitted,  when  the  places  being  cal- 
culated agree  with  those  which  are  observed,  whether  taught  by  a 
holy  sage  or  by  a  temporal  teacher.  If,  then,  the  same  places  ai'o 
deducible  from  other  revolutions,  which  of  the  assigned  motions  is 
the  true  one?  The  answer  is,  whichever  agrees  with  the  present 
observation  must  be  admitted." 

The  author,  Bhascara- Acharya,^  informs  his  readers  that  his  work 
is  a  compilation,  and  that  his  own  corrections  and  improvements  are 
not  very  numerous  nor  important.  In  the  Yija  Ganita  (Section  131) 
he  has  quoted  a  passage  from  Sridhara's  Algebra,  and  another  (Sec- 
tion 142)  from  Padmanabha's. 

the  old  monarch  was  accidentally  inebriated  with  a  strong  liquor  made  of  fermented 
rice,  C'harma  laughed ;  and  it  was  in  consequence  of  his  father's  imprecation  that 
he  became  a  slave  to  the  slaves  of  his  brotliers.  The  children  of  Sherma  travelled  a 
long  time,  until  thoy  arrived  at  the  bank  of  the  Nile,  or  Cali ;  and  a  Brahmin 
informs  me  (bat  the  original  passage  from  the  Poran  is  not  yet  in  my  possession) 
that  their  journey  began  after  the  building  of  the  Padma-Mandira,  which  appears 
to  be  the  Tower  of  Babel,  on  the  bank  of  the  River  Cumudvati,  which  can  be  no 
other  than  the  Euphrates." 

^  The  following  extract  is  taken  from  the  translation  of  an  inscription  discovered 
by  Dr.  Bhau  Daji  near  Chalisgam,  at  the  foot  of  the  hills  which  contain  the 
Pcetulkhora  caves.  The  inscription  contains  the  names  of  several  of  Bhascara- 
Acharya*s  descendants,  who  taught  his  works  in  a  coUego  endowed  in  the  neighbour- 
hood of  Chalisgam.  The  original  Sanscrit,  and  the  translation,  are  printed  in  the 
Journal  of  the  Asiatic  Society  for  1865  : — 

**  Full  of  good  fame  and  merit  was  Bhascara.  The  learned  Bhascara's  son  was 
Lakshmidhara,  the  first  among  the  learned;  acquainted  with  the  meaning  of 
the  Vcdas,  the  first  among  metaphysicians,  and  skilful  in  the  knowledge  of 
sacrificial  ceremonies.  Jaitrapala  having  recognised  him  as  well  versed  in  the 
meanings  of  all  the  Sastros,  took  him  from  this  town  and  made  him  the  chief  of 
pundits.  His  son  was  Changadova,  the  best  of  the  astronomers  and  astrologers  at 
the  court  of  Singhana  Chakravartin.  Changadeva  constructs  the  College  Matha  for 
the  spi'ead  of  the  treatises  composed  by  Bhascara- Acharya.  His  works,  the  chief  of 
whioh  is  the  Siddhanta  Siromani,  and  the  works  of  his  ancestors  and  descendants, 
ought  to  be  duly  studied  in  my  college.  Sonhadeva  granted  ground,  with  gold,  &c., 
to  the  college.  Others  also  have  made  some  grants.  Future  kings  ought  to 
protect  this,  for  the  increase  of  merit.  In  the  year  11 28  Saka,  in  the  year  Prabhavn, 
in  the  Smvana  month,  full  moon,  on  the  occasion  of  a  lunar  eclipse,  Sonhadeva,  in 
the  presence  of  the  )x>ople,  having  thrown  water  into  the  hands,  granted  to  the 
college  of  his  preceptoi-s  as  follows,  &c." 
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The  following  is  the  conclusion  of  the  Yija  Ganita,  and  form& 
the  ninth  chapter  of  Mr.  Colebrooke's  translation  : — 

"  On  earth  was  one  named  Maheswara,  who  followed  the  eminent 
path  of  a  holy  teacher  among  the  learned.  His  son,  Bhascara,  having 
from  him  derived  the  bud  of  knowledge,  has  composed  this  brief 
treatise  of  elemental  computation. 

''As  the  treatises  of  Algebra  by  Brahmegnpta,  Sridhara,  and 
Padmanabha  are  too  diffusive,  he  has  compressed  the  substance  of 
them  in  a  well-reasoned  compendium  for  the  gratification  of  learners. 

''For  the  volimie  contains  a  thousand  lines,  including  precept  and 
example.  Sometimes  exemplified  to  explain  the  sense  and  bearing  of 
a  rule ;  sometimes  to  illustrate  its  scope  and  adaptation ;  one  while  to 
show  variety  of  inferences ;  another  while  to  manifest  the  principle. 
For  there  is  no  end  of  instances,  and  therefore  a  few  only  are  ex- 
hibited. Since  the  wide  ocean  of  science  is  difiB.oultly  traversed  by 
men  of  little  understanding;  and  on  the  other  hand,  the  intelligent  have 
no  occasion  for  copious  instruction.  A  particle  of  tuition  conveys  a 
science  to  a  comprehensive  mind ;  and  having  reached  it,  expands  of 
its  own  impulse.  As  oil  poured  on  water,  as  a  secret  entrusted  to  the 
vile,  as  alms  bestowed  upon  the  worthy,  however  little,  so  does  scieAce 
infused  into  a  wise  mind  spread  by  intrinsic  force. 

"It  is  apparent  to  men  of  clear  understanding,  that  the  rule  of 
three  terms  constitutes  Arithmetic ;  and  sagacity,  Algebra.  Accord- 
ingly I  have  said  in  the  chapter  on  Spherics: 

"  The  rule  of  three  is  Arithmetic ;  spotless  understanding  is 
Algebra.  What  is  there  unknown  to  the  intelligent?  Therefore, 
for  the  dull  alone  it  is  set  forth. 

"To  augment  wisdom  and  strengthen  confidence,  read,  do  read, 
mathematician,  this  abridgment,  elegant  in  style,  easily  understood 
by  youth,  comprising  the  whole  essence  of  computation,  and  contain- 
ing the  demonstration  of  its  principles,  replete  with  excellence  and 
void  of  defect." 

There  are  extant  several  commentaries  on  the  work  of  Bhascara, 
of  which  the  oldest  appears  to  have  been  composed  by  G-angadhara 
about  the  year  a.d.  1420. 

The  commentary  of  Ganesa  (the  most  eminent  scholiast  of  Bhas- 
cara) on  the  Lilavati  bears  a  date  which  corresponds  to  a.d.  1545. 
It  embraces  a  copious  exposition  of  the  Sanscrit  text  of  the  Lilavati, 
with  demonstrations  of  the  rules.  Mr.  Oolebrooke  informs  his  readers 
that  he  has  used  this  commentary  throughout  his  translation  as  the 
best  interpreter  of  the  original.  Ganesa  has  quoted  a  passage  of 
Arjabhatta,  denoting  the  science  of  Algebra  under  the  name  of 
Yija,  and  has  made  mention  of  a  method  for  the  solution  of  indeter- 
minate problems. 

Crishna  wrote  a  commentary  on  the  Yija  Ganita,  which  bears  the 
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date  of  A.D.  1602.  This  commentaxj  contains  a  clear  and  copious  exposi- 
tion of  the  sense  of  the  text,  with  ample  demonstrations  of  the  rules, 
in  the  same  manner  as  the  commentary  of  Ganesa  on  the  Lilavati. 

Suryadasa  was  the  author  of  a  Complete  Commentary  on  the 
Siddhanta  Siromani.  His  notes  on  the  Lilavati  bear  a  date  corre- 
sponding to  A.D.  1538,  and  those  on  the  Yija  Ganita  to  a.d.  1541.  He 
•considered  Aryabhatta  to  be  at  the  head  of  the  older  writers  on 
Algebra.  His  rule  for  the  solution  of  quadratic  equations  by  means 
of  completing  the  square  is  given  in  the  Section  131  of  Mr.  Cole- 
brooke's  translation.  Banganatha,  another  scholiast,  appears  to  have 
flourished  about  the  year  a.d.  1621. 

These  are  the  principal  of  the  numerous*  commentaries  in  Sanscrit 
on  the  Lilavati  and  the  Yija  Ganita,  which  acquired  in  past  times 
a  high  reputation,  both  in  Hindustan  and  in  countries  beyond  its 
borders,  and  superseded  the  use  of  all  the  preceding  treatises  on  the 
subjects  of  Arithmetic  and  Algebra. 

The  Yija  Ganita  is  more  complete  than  the  treatise  of  Brahme- 
gupta,  and  consists  of  nine  chapters.  It  contains  an  explanation  of 
the  nature  and  distinction  between  affirmative  and  negative  quantities 
known  and  unknown,  and  of  the  ordinary  operations  of  the  science, 
also  the  arithmetic  of  surd  numbers.  It  gives  methods  for  the  solu- 
tion of  simple  and  quadratic  equations,  and  of  indeterminate  equa- 
tions of  the  first  and  second  degree.  It  also  explains  the  application 
of  algebra  to  geometrical  figures. 

It  may    be  added,    that  the    preceding   treatise,    the    lilavati,* 

^  See  the  author's  "Elementary  Arithmetic,"  with  some  notices  of  its  histon-, 
Section  1,  pp.  9 — 12,  where  some  accoant  is  given  of  the  Lilavati,  which  was  first 
publislicd  in  English  with  the  following  title :  "  Lilawati,  or  a  Treatise  on  Aritli- 
metic  and  Geometry  by  Bhasnara-Acharya,  translated  from  the  original  Sanscrit 
by  John  Taylor,  M.D.,  of  the  Honourable  East  India  Company's  Bombay  Medical 
Establishment.     Bombay,  1816." 

In  the  preface  Dr.  Taylor  states  that  the  object  of  his  translation  is  to  furnish 
■an  authentic  document,  which,  by  exhibiting  not  only  the  actual  degree  of  mathe- 
matical knowledge  ])ossesscd  by  the  Hindus  in  the  twelfth  century,  but  also,  by 
showing  their  modes  and  principles  of  operation,  may  lead  to  a  fair  conclusion 
regarding  their  pretensions  to  originality  in  tbis  de}^>artment  of  science. 

Dr.  Taylor  has  printed  an  Appendix  to  his  translation  of  the  Lilavati,  giving 
an  account  of  the  mode  of  teaching  arithmetic  in  the  Hindu  schools  of  the  Mahratta 
countiy  and  Guzerat.     The  following  extract  is  taken  from  this  Appendix  : — 

*'  But  what  chiefly  distinguishes  the  Hindu  schools  is  the  plan  of  instruction  by 
the  scholars  themselves.  When  a  boy  joins  the  school,  he  is  immediately  put  under 
the  tuition  and  care  of  one  who  is  more  advanced  in  knowledge,  and  whose  duty  it 
is  to  give  lessons  to  his  young  pupil,  to  assist  him  in  learning,  and  to  report  his 
behaviour  and  progress  to  the  master.  The  scholars  are  not  classed  as  with  us,  but 
gem-rally  paired  off,  each  pair  consisting  of  an  instructor  and  pupil.  These  pairs 
are  so  arranged  that  a  boy  less  advanced  may  sit  next  to  one  who  has  made  greater 
progress,  and  from  whom  he  receives  assistance  and  instruction.     When,  however. 
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gives  the  applieatioii  of  arithmetic  to  geometry,  and  rules  for  the^ 
extraction  of  the  square  root  and  the  cube  root. 

The  fifth  chapter  of  the  Lilavati  treats  of  progressions,  arithme* 
tical  and  geometrical.  Bules  are  given  for  finding  the  sum,  the 
first  term,  the  common  difference,  and  the  number  of  terms  of  an 
arithmetic  series. 

The  following  rule  given  for  finding  the  number  of  terms,  re- 
quires the  solution  of  a  quadratic  equation  : — 

"  From  the  sum  of  the  progression  multiplied  by  twice  the  common 
increase,  and  added  to  the  square  of  the  difference  between  the  first 
term  and  half  that  increase,  the  square  root  being  extracted,  this  root 
less  the  first  term  and  added  to  the  (above-mentioned)  portion  of  the 
increase,  being  divided  by  the  increase,  is  pronounced  to  -be  the 
period." 

One  of  the  commentators  is  quoted  for  a  method  of  finding  the 
sum  of  an  arithmetic  progression,  grounded  on  placing  the  numbers 
of  the  series  in  the  reversed  order  under  the  direct  one  ;  where  it  be- 
comes obvious,  that  each  pair  of  terms,  multiplied  by  the  number  of 
terms,  is  twice  the  sum  of  the  progression. 

The  following  rules  are  also  given  for  finding  the  sum  of  the- 
squares,  and  the  sum  of  the  cubes  of  any  series  of  the  natural  numbers. 

Twice  the  number  of  terms  added  to  one  and  divided  by  three, 
being  multtplied  by  the  sum  of  the  natural  numbers,  is  the  sum  of 
the  squares. 

The  sum  of  the  cubes  of  the  numbers  one,  two,  &c.,  is  pronounced 
by  the  ancients  equal  to  the  square  of  the  sum  of  the  series,  one, 
two,  &c. 

The  section  on  geometrical  progressions  is  restricted  to  progressions 
increasing  by  a  multiplier,  and  omits  altogether  any  notice  of  decreasing 
geometrical  progressions. 

The  rules  for  variations,  permutations,  and  combinations  are  given 


scTeral  of  the  elder  boys  hive  made  considerable  and  nearly  equal  progress,  they  are 
seated  together  in  one  line,  and  receive  their  instructions  directly  from  the  master. 

"  The  plan  of  getting  the  older  boys,  and  those  who  are  more  advanced,  to  assist 
those  who  are  less  advanced  and  younger,  greatly  lessens  the  burden  imposed  upon 
the  master,  whoso  duty,  according  to  this  system,  is  not  to  furnish  instruction  to- 
each  individual  scholar,  but  to  superintend  the  whole,  and  see  that  every  one  does- 
his  duty.  If  the  younger  boy  does  not  learn  his  lessons  with  sufficient  promptitude 
and  exactness,  his  instructor  reports  him  to  the  master,  who  inquires  into  the  case, 
oiders  the  pupil  to  repeat  before  him  what  he  has  learned,  and  punishes  him  if 
he  has  been  idle  or  negligent.  As  the  master  usually  gives  lessons  to  the  elder 
scholars  only,  he  has  sufficient  leisure  to  exercise  a  vigilant  superintendence  over  the 
whole  school,  and  by  casting  his  eyes  about  continually,  or  walking  up  and  down, 
and  inquiring  into  the  progress  made  by  each  pupil  under  his  instructor,  he  main- 
tains strict  discipline,  and  keeps  every  one  on  the  alert  through  expectation  of  being 
called  upon  to  repeat  his  lesson." 
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ill  the  sixtli  section  of  the  fifth  chapter,  and  in  the  thirteenth  chapter 
of  the  Idlayati. 

The  following  rule  for  combinations  is  taken  from  the  Persian 
version,  as  rendered  in  English  by  Mr.  Strachey : — 

*'  First,  write  them  all  with  one,  in  order,  and  below  write  one, 
the  last  opposite  to  the  first  in  order.  Then  divide  the  first  term  of 
the  first  line  by  the  number  which  is  opposite  to  it  in  the  second  line. 
The  quotient  will  be  the  number  of  combinations  of  that  thing. 
!Multiply  this  quotient  by  the  second  term  of  the  first  line,  and  divide 
the  product  by  the  number  which  is  opposite  to  it  in  the  second  line, 
tiie  quotient  will  be  the  number  of  combinations  of  that  thing ;  and 
multiply  this  quotient  by  the  third  term,  and  divide  by  that  which  is 
l)elow  it,  and  add  together  whatever  is  obtained  below  each  term,  the 
sum  will  be  the  amount  of  all  the  combinations  of  these  things.^ 

The  first  section  of  the  first  chapter  of  the  Yija  Ganita  opens  with 
the  following  invocation,  as  translated  by  Mr.  Ck)lebrooke  : — 

**1  revere  the  unapparent  primary  matter,  which  the  Sanchyas 
declare  to  be  productive  of  the  intelligent  principle,  being  directed  to 
that  production  by  the  sentient  being ;  for  it  is  the  sole  element  of  all 
which  is  apparent.  I  adore  the  ruling  power,  which  sages  conversant 
with  the  nature  of  soul  pronounce  to  be  the  cause  of  knowledge,  bein^ 
so  explained  by  a  holy  person ;  for  it  is  the  one  element  of  all  which 
is  apparent.  I  venerate  that  unapparent  computation,  which  calcu- 
lators affirm  to  be  the  means  of  comprehension,  being  expounded  by  a 
fit  person ;  for  it  is  the  single  element  of  all  which  is  apparent.  Since 
the  arithmetic  of  apparent  [or  known]  quantity,  which  has  been 
already  propounded  in  a  former  treatise  [Lilavati],  is  founded  on  that 
of  unapparent  [or  unknown]  quantity ;  and  since  questions  to  be  solved 

^  The  following  ia  one  of  tlie  examples  given  (ch.  v.,  sect.  6)  to  illustrate  tlio  rule. 

How  many  are  the  combinations  in  one  composition,  with  ingredients  of  six 

dillerent  tastes,  sweet,  pungent,  astringent,  sour,  salt,  and  bitter,  taking  them  one 

by  one,  by  twos,  by  threes,  &c.  ? 

w  -4.   *!,       4.1        12  3  4  5  6 
AVntethemthus,  g  J,  ^321 
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r<»6  combinations  when  taken  singly. 

6x5 
;^«15',  when  taken  two  and  two  together. 


2 
15x4 


3 
20  X  3 


b20,  when  taken  three  and  three. 
B-15,  whon  taken  four  and  four. 


15x2 

— = — «»6,  when  taken  five  and  five. 
5 

A  V  1 

—^=1,  when  taken  all  six  together. 

And  the  whole  number  is  63. 
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can  hardly  be  understood  by  any,  and  not  at  all  by  such  as  have 
dull  apprehensions,  without  the  application  of  unapparent  quantity ; 
therefore  I  now  propound  the  operations  of  analysis." 

In  these  oldest  treatises  known  to  be  extant  of  the  Arithmetic  and 
Algebra  of  the  Hindus,  their  writers  describe  the  analytic  art  as  ''  a 
method  of  calculation  attended  with  an  exhibition  of  its  principles, 
and  aided  by  literal  signs  and  other  devices." 

The  initial  syllables  of  words  and  of  the  names  of  colours,  as  well 
as  single  letters,  were  assumed  to  denote  unknown  numbers.  A  nega- 
tive quantity  was  distinguished  by  a  dot  or  point  placed  over  the 
syllable  or  number,  and  a  positive  quantity  was  known  by  the  absence 
of  the  dot. 

There  is  no  account  given  of  the  origin  of  this  convention.  The 
Sanscrit  words  translated  affirmative  qiMtntity  and  negative  quantity^ 
have  the  literal  meanings  of  property  or  wealth,  and  debt  or  lose,  and 
imply  a  contrariety  with  respect  to  the  possessor.  Likewise  two  dis- 
tances, one  towards  the  right  hand  and  the  other  towards  the  left  hand, 
have  also  a  contrariety  of  direction  with  respect  to  a  person  in  a  fixed 
position.  If  it  be  admitted  that  symbols,  without  any  additional  mark, 
denote  afitonative  quantities,  then  any  mark,  as  a  dot,  may  be 
employed  to  denote  negative  quantities :  and  this  convention  is 
sufficient,  as  an  adjective  in  ordinary  language,  to  distinguish  that 
the  symbol  so  marked  is  to  be  considered  of  a  contrary  character  to 
that  which  is  not  so  marked. 

Crishna,  a  commentator  on  the  Yija  Ganita,  gives  the  following 
illustrations  of  affirmative  and  negative  quantities.  Here  negation  is 
of  three  sorts,  according  to  place,  time,  and  things.  It  is,  in  short, 
contrariety.  Wherefore  the  Lilavati,  Sect.  166,  expresses  'Hhe  seg- 
ment as  negative,  that  is  to  say,  is  in  the  contrary  direction."  Thus 
of  two  countries,  east  and  west ;  if  one  be  taken  as  positive,  the  other 
is  relatively  negative.  As  an  example,  the  situation  of  Patna  and 
Allahabad  relatively  to  Benares.  Patna,  on  the  (Ganges,  bears  east 
of  Benares,  distant  15  yojanas,  and  Allahabad  bears  west  of  the  same 
place  8  yojanas.  The  interval  or  difference  between  Patna  and  Alla- 
habad is  23  yojanas,  and  is  not  obtained  but  by  the  addition  of  the 
numbers.  Therefore,  if  the  difference  between  two  contrary  quantities 
be  required,  their  sum  must  be  taken.  Next,  so  when  motion  to  the 
east  is  assumed  to  be  positive ;  if  a  planet's  motion  be  westward,  then 
the  number  of  degrees  equivalent  to  the  planet's  motion  is  negative. 
In  like  manner,  if  a  revolution  westward  be  affirmative,  so  much  as  a 
planet  moves  eastward,  is,  in  respect  of  a  western  revolution,  negative. 
The  same  may  be  understood  in  regard  to  south  and  north,  &c.  That 
prior  and  subsequent  times  [reckoned  from  a  fixed  epoch]  are  relatively 
to  each  other  as  positive  and  negative,  is  familiarly  understood  in  the 
reckoning  of  days.    Thirdly.     So  in  respect  of  chattels ;  that  to  which 
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a  man  bears  the  relation  of  owner,  is  considered  positive  with  regard 
to  him;  and  the  contrary  [or  negative  quantity]  is  that  to  which 
another  person  has  the  relation  of  owner.  Hence,  so  much  as  belongs 
to  Yajnyadatta  in  the  wealth  possessed  by  Devadatta,  is  negative  in 
respect  of  Devadatta. 

A  known  quantity  which  is  always  a  number,  when  employed 
as  a  coefficient,  is  written  after  the  character  which  denotes  the  un- 
known quantity ;  but  when  it  is  not  so  used,  but  simply  as  a  number, 
it  is  denoted  by  ru,  the  first  syllable  of  rupa^  form  or  species. 

The  first  syllable  of  ya  of  yavat-tavaty  the  Sanscrit  term  for  ''  tantum 
quantum,"  **  as  much  as,"  **  as  many  as,"  is  used  to  denote  an  un- 
known quantity,  when  only  one  is  employed.  Thus  ya  2  is  denoted  by 
^x  in  modem  notation. 

If  there  be  more  than  one  unknown  quantity  required,  the  initial 
syllables  ca^  ni,  pi^  h,  &c.,  of  the  names  of  the  colours,  black,  blue, 
yellow,  red,  &c.,  are  used  to  denote  the  second,  third,  &c.,  unknown 
quantities,  as  ya  h  ea  i  ni  2  ru  2  signifies  —  6a?  —  4y  —  2z  +  2  in 
modem  notation. 

The  syllables  va,  yha,  being  the  initial  syllables  of  the  Sanscrit  of 
square  and  cube,  are  employed  to  denote  the  second  and  third  powers, 
and  these  are  combined  to  denote  the  higher  powers,  which  are 
i*eckoned  by  the  products,  and  not  by  the  sums  of  the  lower  powers,  as 
iu  the  modern  algebra.  A  surd  root  is  in  the  same  manner  denoted 
by  an  initial  syllable. 

Sometimes  the  initial  letters  of  the  words  are  employed  instead  of 
Ihe  initial  s^'Uables. 

The  Hindus  had  also  a  figurative  method  of  expressing  numbers 
by  the  names  of  the  objects,  of  which  a  certain  number  was  generally 
known ;  as,  for  instance,  the  name  of  the  sacred  fire  stands  for  3,  the 
arrow  of  Kamedeva  for  5,  the  treasure  of  Kuvera  for  9,  the  sun  in 
reference  to  the  month  of  the  year  for  12,  the  lunar  mansion  for  27, 
&Q. ;  and  larger  numbers  were  made  up  by  combining  these  names,  as 
may  be  seen  in  the  Ldlavati. 

They  had  no  symbols  to  denote  the  operations  of  addition  and 
subtraction.  They  simply  declared  that  in  the  addition  of  two  nega- 
tive or  two  affirmative  quantities,  the  sum  must  be  taken ;  but  the  sum 
of  an  affirmative  and  negative  quantity,  the  difference  is  their  addition. 
Ajid  in  subtraction,  the  quantity  to  be  subtracted  being  affirmative,  be- 
comes negative ;  or  being  negative,  becomes  affirmative ;  and  the 
addition  of  the  quantities  then  taken,  constitutes  their  difference. 

As  the  Hindu  algebraists  employed  no  symbols  to  denote  the 
operations  of  addition  and  subtraction,  so  likewise  they  had  no  marks 
io  indicate  multiplication  and  division.  They  exhibit  the  following 
directions  for  determining  the  nature  of  products  and  quotients  as 
affirmative  or  negative. 
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The  product  of  a  negative  quantity  and  an  affirmative  is  negative;: 
of  two  negative  quantities  is  positive ;  of  two  affirmative  quantities 
is  affirmative.^  The  product  of  cipher  and  a  negative  quantity,  or 
of  cipher  and  an  affirmative  quantity,  is  zero. 

And  a  positive  quantity  divided  by  a  positive,  or  a  negative 
quantity  by  a  negative,  is  affirmative.  A  positive  quantity  divided 
by  a  negative  is  negative ;  and  a  negative  quantity  divided  by  an  affir- 
mative is  negative.^ 

The  division  of  one  number  by  another  was  indicated  by  writing 
the  dividend  above  the  divisor  without  any  line  or  mark  of  separa- 
tion. The  same  notation  was  adopted  to  denote  fractious  by  placing 
the  denominator  under  the  numerator.  The  rule  for  division,  the 
reverse  of  multiplication,  is  thus  stated: — ''Those  colours  or  un- 
known quantities  and  absolute  numbers,  by  which  the  divisor  being 
multiplied,  the  products  in  their  several  places  subtracted  from  the 
dividend  exactly  balance  it,  are  here  the  quotients  in  division." 

The  product  of  any  quantity  by  cipher  is  cipher,  and  the  product 
of  cipher  by  any  quantity  is  cipher.  And  the  quotient  of  cipher 
divided  by  any  quantity  is  cipher ;  but  any  quantity  divided  by  cipher 
becomes  a  fraction,  the  denominator  of  which  is  cipher.  On  this 
subject  one  of  the  commentators  remarks: — "K  the  dividend  be 
diminished,  Hie  divisor  remaining  the  same,  the  quotient  is  reduced, 
and  if  the  dividend  be  reduced  to  cipher,  the  quotient  becomes  cipher. 
Again,  as  much  as  the  divisor  is  diminished,  the  dividend  remaining 

*  The  following  note  is  9ul>joined  by  Mr.  Colebrooke  : — 

Multiplication,  as  explained  by  the  commentators,  is  a  sort  of  addition  resting  on 
repetition  of  the  multiplicand  as  many  times  as  is  the  number  of  the  multiplier. 
Now  a  multiplier  is  of  two  sorts,  positive  or  negative.  If  the  multiplier  be  positive, 
the  repetition  of  the  multiplicand,  which  is  affirmative  or  negative,  will  give 
correspondently  an  affirmative  or  negative  product.  The  multiplication,  then,  of 
positive  quantities  is  positive  ;  and  that  of  a  negative  multiplicand  by  a  positive 
multiplier  is  negative.  The  question  for  disquisition  concerns  a  negative  multiplier. 
It  has  been  before  observed  that  negation  is  contrariety.  A  negative  multiplier, 
therefore,  is  a  contrary  one  ;  that  is,  it  makes  a  contrary  repetition  of  the  multipli- 
cand. Such  being  the  ease,  if  the  multiplicand  be  positive,  and  the  multiplier  be- 
negative,  the  product  will  be  negative  ;  if  the  multiplicand  be  negative  and  the 
multiplier  be  negative,  the  product  will  be  affirmative.  In  the  latter  case,  the  muU 
tiplication  of  two  negative  quantities  gives  an  affirmative  -product. 

Multiplication  was  exhibited  as  in  this  following  example : — 

Statement    ya5rul 

yaZru2        product  yav  15  ya 7  ru 2. 
In  modem  notation,  the  statement  of  the  operation  is  equivalent  to  (5x--l)  X  (3a;+2), 
and  the  product  to  16a^+7«— 2. 

*  Dinnan  being  the  reverw  operation  of  multiplication,  if  the  product 
yvvl6ya7Tw2  be  taken  as  the  dividend,  and  the  multiplier  yaZru2  be  taken 
m  the  diviflor ;  division  being  made,  the  quotient  is  ^  5  ru  1,  the  original  multi* 
plieand. 
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the  same,  so  much  the  quotient  is  increased,  and  if  the  divisor  be  re- 
duced to  the  utmost,  the  quotient  is  to  the  utmost  increased.  But  if 
it  can  be  specified  that  the  amount  of  the  quotient  is  so  much,  it  has 
not  been  raised  to  the  utmost ;  for  a  quantity  greater  than  that  can  be 
assigned.  The  quotient  therefore  is  indefmitelj  great,  and  is  rightly 
termed  infinite." 

Like  quantities  are  denoted  by  the  same  colour,  unlike  by  different 
colours.  The  multiplication  of  two  like  quantities  produces  the  square, 
three  the  cube,  four  the  biquadrate,  &c.  But  when  imlike  quantities 
are  multiplied,  the  result  was  called  hhavita  (to  be)  their  factum,  the 
initial  syllable  hha  being  annexed  to  the  statement.  Thus  the  product 
of  two  imknown  quantities  is  denoted  by  three  syllables  (or  three 
initial  letters),  as  i/a  ca  hha  is  equivalent  to  xxy  or  :ry  in  modem 
idgebraic  notation.  But  if  one  or  more  of  the  quantities  be  of  a  higher 
power  than  the  first,  other  initial  syllables  are  employed,  as  ra  gha 
&c.,  for  the  square,  cube,  &c.  Thus,  ya  va  ca  gha  hha  will  signify 
die  square  of  the  first  unknown  quantity,  multiplied  by  the  cube  of 
the  second,  x^  x  y*,  or  a^y*. 

In  some  Sanscrit  texts,  and  in  some  commentaries,  where  two  or 
more  factors  are  to  be  multiplied,  a  point  or  dot  is  found  interposed 
between  the  factors,  without  any  directions  given  for  this  notation. 

The  terms  of  compound  quantities  are  arranged  according  to  the 
descending  powers  of  the  unknown  quantity,  the  numerical  coefficients 
ore  placed  after  the  symbols  which  denote  the  powers  of  the  unknown 
quantities,  and  the  negative  mark  is  placed  over  the  coefficient,  and 
not  over  the  power  of  the  imknown  quantity;  also  a  known  number 
is  always  placed  last,  thus :  ya  w\  ya  gh  %ya  v  b  ya\2  ru  A\  in. 
modem  notation  a?* +62:'+ 5a;'—  12a? +4. 

As  the  Hindus  had  no  sign  to  denote  either  equality  or  relative 
magnitude,  greater  than  and  less  than,  the  two  sides  of  an  equation 
'were  placed  one  under  the  other.  ^  It  was  the  general  practice  to 
arrange  the  terms  in  order  according  to  the  powers  of  the  unknown 
quantity,  and  where  a  term  on  either  side  was  wanting,  to  write  the 
literal  character  with  zero  for  its  coefficient. 

^  The  following  is  an  example  of  a  simple  equation : — 

One  person  has  800  of  known  species  and  six  horses.  Another  has  ten  horses  of 
like  price ;  but  he  owes  a  debt  of  100  of  known  species.  They  are  both  equally  rich. 
What  is  the  price  of  a  horse  ? 

The  statement  of  the  equation  is  thus  made : — 

ya^    ruSOO 
yalO  ru  160 
In  modem  notation  10a;— 100-*(te+300. 

The  following  ]a  an  example  of  an  indeterminate  problem  of  the  first  degree : — 

The  quantity  of  rubies  without  flaw,  sapphires,  and  pearls,  belonging  to  one 
jierson,  is  5, 8,  and  7  respectively ;  the  like  gems  appertaining  to  another  is  7,  9,  and 
€.    One  has  90,  the  other  62,  known  species.    They  are  equally  rich.    Tell  me 
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If  a  Dumber  consist  of  two  parts,  the  square  of  the  number  is  twice 
the  product  of  the  parts  added  to  the  sum  of  the  squares  of  the  parts. 
In  the  same  manner  is  stated  the  cube  of  a  number  consisting  of  two 
parts.  The  cube  of  the  second  part  is  to  be  first  set  down ;  next,  the 
square  of  the  second  part  multiplied  by  three  times  the  first ;  thirdly, 
the  square  of  the  first  part  multiplied  by  three  times  the  second ;  and 
lastly,  the  cube  of  the  first  part.  All  these  added  together  make  the 
cube  of  the  number. 

The  same  process  might  have  been  begun  with  the  first  instead 
of  the  second  part  of  the  number. 

The  cube  of  a  number  consisting  of  two  parts,  is  also  expressed  in 
the  following  manner : — **  Three  times  the  proposed  number  multiplied 
by  its  two  parts,  added  to  the  sum  of  the  cubes  of  these  parts  gives 
the  cube  of  the  number." 

Methods  of  finding  the  square  root  and  the  cube  root  are  given  by 
reversing  the  direct  process.  Also  rules  are  g^ven  for  the  addition 
and  subtraction,  multiplication  and  division,  of  quadratic  surd  numbers, 
as  also  for  their  involution  and  evolution. 

It  is  further  noted  that  the  square  of  an  affirmative  or  of  a  nega- 
tive quantity  is  affirmative ;  but  that  the  square  root  of  an  affirmative 
-quantity  is  sometimes  affirmative,  and  sometimes  negative,  according 
to  difference  of  circumstances  which  the  process  may  require.  As,  for 
instance,  the  square  of  S  affirmative  or  of  3  negative  is  9  affirmative. 
Hence,  the  square  root  of  9  affirmative  may  be  3  affirmative  or  3 
negative.  There  is  no  square  root  of  a  negative  quantity,  for  it  is  not 
=a  square.  One  of  the  commentators  remarks : — '^  If  it  be  maintained 
that  a  negative  quantity  may  be  a  square,  it  must  be  shown  of  what 
it  can  be  the  square.  Now,  it  cannot  be  the  square  of  an  affirmative 
quantity,  for  a  square  is  the  product  of  two  like  quantities ;  and  if  an 
affirmative  quantity  be  multiplied  by  an  affirmative  one,  the  product 
is  affirmative.  Nor  can  it  be  the  square  of  a  negative  quantity ;  for 
a  negative  quantity  multiplied  by  a  negative  quantity  is  also  positive. 
Therefore,  it  ia  dear  that  there  is  no  quantity  such,  that  its  square  can 
be  negative. 

One  of  the  commentators  has  remarked  that  some  have  pretended 
to  have  found  the  root  of  a  surd,  and  that  this  might  be  effected  by 
die  Gutaca  Oanita ;  but  whether  or  not  this  could  have  been  possible, 
I  shall  relate  what  Bhascara  and  others  have  omitted  to  explain. 

-quickly,  then,  inteUigent  Criend,  who  art  conversant  with  algebra,  the  prices  of 
•€ach  sort  of  gsssL 

The  statement  of  the  problem 

ya5    caS    ni7    ru90 

ya7    ea9    ni6    ru62 
which   ezpraned  in  modem   notation  is  7a;+9y+6«+62a>5«-f8y+7s+90,  and 
when  ledaced  becomes  2»+y— s»28. 
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A  root  is  of  two  kinds ;  one  a  line,  the  other  a  number.  And  the- 
root  of  a  square  formed  by  a  line  expressing  5  may  be  found,  though 
the  root  of  5  cannot  be  Jiumerically  expressed ;  but  the  numbers  1 ,  4, 
9,  &c.,  may  be  expressed  both  ways.  The  square  roots  of  the  numbers 
2t  3,  5,  &c.,  are  surds,  and  can  have  their  roots  expressed  only  by 
lines.  Thus  the  root  of  a  surd  quantity  can  be  shown  geonuirically 
with  exactness,  but  only  approximately  by  numbers. 

Quadratic  equations,*  or  equations  of  the  second  degree,  both  pure 
Imd  adf  eoted,  are  discussed  in  the  treatise  of  Brahmegupta,  and  in  the 
Yija  Ganita  of  Bhascara.  In  the  solution  of  quadratic  equations, 
when  the  square  of  the  unknown  quantity  is  afi^eoted  with  an  integral 
coefficient  different  from  unity,  Bhascara  gires  this  rule  of  Sridhara  : 
"  Multiply  both  sides  of  the  equation  by  a  numb^  equal  to  four  times 
the  coefficient  of  the  square,  and  add  to  each  side  a  number  equal  ta 
the  original  coefficient  of  the  finst  power  of  the  unknown  quantity." 
He  also  gives  an  example  in  which  fractions  are  avoided  by  the  appli- 
cation of  the  rule.^ 

Brahmegupta  has  given  this  rule,  and  another  which  is  thus- 
expressed  : — 

'*  To  the  number  multiplied  by  the  coefficient  of  the  square  of  tho 
unknown  quantity,  add  the  square  of  half  the  coefficient  of  the  first 
power  of  the  unknown  quantity ;  the  square  root  of  the  sum  less  half 
the  coefficient  of  the  unknown  quantity  being  divided  by  the  co- 
efficient of  the  square  is  the  value  of  the  imknown  quantity." 

The  chapter  on  quadratic  equations  includes  other  questions  involv- 
ing the  cube  and  the  biquadrate,^  besides  the  square  and  the  first  power 


^  The  following  is  their  mode  of  writing  a  fjoadi'aiic  equation :— 

yavl    yaS    ruW 
ya  »  0    yaO    ru  36 

which  in  modem  notation  wonld  be  a?'— 8x+16— 36. 

*  The  exam}^kle  is  the  following : — 

The  square  root  of  half  the  number  of  a  swarm  of  bees  is  gone  to  a  shmb 
of  jasmine  ;  and  so  are  eight-ninths  of  the  whole  swarm ;  a  female  is  buzzing  to  one 
remaining  male,  that  is  humming  within  a  lotus,  in  which  he  is  confined,  having 
been  allured  to  it  by  its  fragrance  at  night.     Say,  lovely  woman,  the  number  of  bees. 

Employing  the  modem  notation — 

Let  SjB^  denote  the  number  of  bees  ;  then  the  question  reduced  to  an  equation  is 

2a;H — r 1- 2  as  So" :  which  gives  the  values  of  a;,  3  and — J. 

The  positive  value  gives  the  answer  to  the  question,  and  6«^a8X 9*^72,  the 
number  of  the  swarm  of  bees. 

'  Of  the  two  following  examples  in  this  chapter,  one  leads  to  a  cubic,  and  the 
other  to  a  biquadratic  equation. 

"What  is  the  number,  learned  man,  which  being  multiplied  by  12  and  added  U> 
the  cube  of  the  number,  is  equal  to  six  times  the  square  added  to  13  ?" 

**  If  thou  be  conversant  with  the  ojierations  of  algebra,  tell  the  numbeni  of 
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of  the  unknown  quantity.  With,  respect  to  such  equations,  the  author 
observes,  if  the  solutions  be  not  accomplished  by  the  methods  given, 
the  value  of  the  unknown  quantity  must  be  elicited  by  the  sagacity  of 
the  intelligent  analyst.  Intelligent  calculators  commence  the  work  of 
solution,  sometimes  from  the  beginning  of  the  conditions  of  the  pro- 
blem, sometimes  from  the  middle,  sometimes  from  the  end,  so  as  the 
solution  may  be  best  effected. 

It  has  been  supposed  that  the  Binomial  Theorem  in  its  general  form, 
when  the  index  is  an  integer,  was  not  unknown  to  the  Hindus.  The 
Lilavati  and  the  Yija  Ganita  afford  no  direct  evidence  of  such  know- 
ledge beyond  the  second  and  third  powers  of  a  binomial,  which  also 
appears  in  the  older  treatises  of  Brahmegupta.  The  law  for  the  forma- 
tion of  the  number  of  combinations  of  a  number  of  different  things 
taken,  1,  2,  3,  &c.,  at  a  time  was  well  known ;  but  these  treatises  do 
not  exhibit  any  connection  of,  or  identity  of,  this  law  with  the  co- 
officients  of  the  terms  of  an  expanded  binomial. 

At  the  end  of  the  second  volume  of  the  **  Asiatic  Besearches,"  an 
Appendix  has  been  added  by  Mr.  Beuben  Burrow,  entitled,  ^^A 
Proof  that  the  Hindoos  had  the  Binomial  Theorem."  He  produces 
a  question^  and  its  solution  in  proof  of  his  statement,  and  adds : — 
*'  The  demonstration  is  evident  to  mathematicians ;  for  as  the  second 
term's  coefficient  in  a  general  equation  shows  the  sum  of  the  roots,  there- 
fore in  the  nth  power  of  1  + 1»  where  every  root  is  unity,  the  coefficient 
shows  the  different  ones  that  can  be  taken  in  n  things ;  also,  because 
the  third  term's  coefficient  is  the  sum  of  the  products  of  all  the  different 
twos  of  the  roots,  therefore  when  each  root  is  unity,  the  product  of 
each  two  roots  will  be  unity,  and  therefore  the  number  of  units,  or  the 
coefficient  itself,  shows  the  number  of  different  tiMi  that  can  be  taken 
in  n  things.  Again,  because  the  fourth  term  is  the  sum  of  the  products 
of  the  different  threes  that  can  be  taken  among  the  roots,  therefore, 
when  each  root  is  unity,  the  product  of  eftch  three  will  be  unity,  and 
therefore  every  unit  in  the  fourth  will  show  a  product  of  three  different 
roots,  and  consequently  the  coefficient  itself  shows  all  the  different 
threes  that  can  be  taken  in  n  things ;  and  so  for  the  rest." 

which  the  biqnadrate,  less  double  the  som  of  the  square  and  of  200  times  the  simple 
number,  is  a  myriad  less  one. " 

Expressed  in  the  modem  algebraic  notation,  the  two  equations  are 
12ar+a:"-6a:*+35,  and  «*  -(2x*+200a;)  =  10000-1. 

^  A  rajah's  palace  had  eight  doors :  now  these  doors  may  either  be  opened  one  at 
a  time,  or  by  two  at  a  time,  or  by  three  at  a  time,  and  so  through  the  whole,  till  at 
last  aU  are  opened  together ;  it  is  required  to  tell  the  number  of  times  that  this  can 
be  done.  The  question  and  the  solution  itself  appears  to  exhibit  an  example  of 
forming  the  combinations  of  a  certain  number  of  things  when  taken  1,  2,  3,  &c.,  at 
a  time,  and  the  total  number  of  such  combinations ;  but  no  reference  is  made  to  a 
series  of  terms  aridng  from  the  expansion  of  the  integral  power  of  a  binomial 
expression. 
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It  may  reasonably  be  doubted  if  this  mode  of  demonstration  which 
he  gives,  arising  from  the  formation  of  an  equation,  was  known  to  the 
Hindu  mathematicians.  Their  books  show  that  they  understood  the 
forms  of  the  second  and  third  powers  of  a  binomial,  but  exhibit  no- 
instances  of  a  higher  power,  or  of  a  generalised  form. 

Mr.  Strachey  makes  ihe  following  comparison  of  the  Beej  Gunnit; 
[Vija  Ganita]  and  the  Arithmetics  of  Diophantus : — 

"  The  Beef  Gunnit  will  be  found  to  differ  much  from  Diophantus' s 
work.  It  contains  a  great  deal  of  knowledge  which  the  Greeks  had 
not,  such  as  the  use  of  the  indefinite  number  of  unknown  quantities- 
and  the  use  of  arbitrary  marks  to  express  them ;  a  good  arithmetic  of 
surds ;  a  perfect  theory  of  indeterminate  problems  of  the  first  degree ; 
a  very  extensive  and  general  knowledge  of  those  of  the  second  degree ; 
a  knowledge  of  quadratic  equations,  &c.  The  arrangement  and 
manner  of  the  two  works  will  be  found  as  essentially  different  a& 
their  substance.  The  one  constitutes  a  body  of  science,  the  other 
does  not.  The  Beef  Gumiit  is  well  digested  and  well  connected,  and 
is  full  of  general  rules,  which  suppose  great  learning ;  the  rules  are 
illustrated  by  examples,  and  the  solutions  are  performed  with  skill. 
Diophantus,  though  not  entirely  without  method,  gives  very  few 
general  propositions,  and  is  chiefly  remarkable  for  the  ability  with 
which  he  makes  assumptions  in  view  to  the  solution  of  his  questions. 
The  former  teaches  algebra  as  a  science  by  treating  it  systematically ; 
the  latter  sharpens  the  wit  by  solving  a  variety  of  abstruse  and  com- 
plicated problems  in  an  ingenious  manner.  The  author  of  the  Beej 
Gunnit  goes  deeper  into  his  subject,  and  treats  it  more  abstractedly, 
and  more  methodically,  though  not  more  acutely  than  Diophantus. 
The  former  has  every  characteristic  of  an  assiduous  and  learned  com- 
piler ;  the  latter  of  a  man  of  genius  in  the  infancy  of  science."^ 

^  Asiatic  Researches,  vol.  xii.,  1816,  **0n  the  Early  History  of  Algebra,"  by 
Edward  Stiuchey,  Esq.  In  this  essay  Mr.  Strachey  refers  to  a  tract  "  On  the  Mathe- 
inaticnl  Science  of  the  Hindoos, "  which  he  printed  at  Calcutta,  in  the  year  1812^ 
pp.  17,  4to. 
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or   ALGEBRA. 
( Continued.) 

Js  the  former  part  of  the  sketch,  an  attempt  has  been  made  to 
exhibit  a  brief  account  of  the  origin  and  early  progress  of  the  science 
of  Algebra,  as  far  as  it  was  known  and  cultivated  by  the  Greeks  and 
the  Hindus.  The  pre-eminence  of  having  invented  the  most  perfect 
science  of  Numerical  and  Universal  Arithmetic  is  justly  assigned  to  the 
latter;  while  the  fonner  stand  unrivalled  in  their  earliest  achieve* 
ments  in  the  science  of  Pure  Geometry. 

In  this  second  part  of  the  sketch,  the  account  is  continued  of  the 
cultivation  of  this  science  by  the  Arabians  and  Persians ;  and  very 
briefly,  with  some  notices  of  the  great  improvements  of  the  science 
among  the  nations  of  Western  Europe. 

In  less  than  two  centuries  after  the  rapid  and  desolating  wars  of 
the  Mohammedan  power,  their  successors  began  to  turn  their  attention 
to  the  remains  of  the  writings  on  literature  and  science  which  had 
escaped  the  general  destruction.  It  appears  that  the  scientific  writings 
both  of  the  Ea^  and  the  West  had  become  objects  of  attention  in  the 
reign  of  the  Caliph  Almansur,  who  in  A.n.  141,  a.d.  762,  had  trans- 
ferred the  seat  of  government  of  the  Mohammedan  empire  to  Bagdad. 
Both  the  Caliph  Almansur  and  his  immediate  successors,  Haroun 
Alraschid  and  Almamun,  were  munificent  patrons  of  learning  and 
learned  men,  and  zealously  encouraged  the  cultivation  of  the  arts  and 
{Msenees.  The  scientific  writings  of  the  Hindus  and  the  Greeks  were 
diligently  sought,  and  translated  into  Arabic,  and  at  present  there  are 
extant  Arabic  translations  of  works  on  science,  the  orig^als  of  which, 
m  Greek  and  Sanscrit,  are  not  known  to  be  in  existence. 

The  oldest  treatise  on  Algebra  in  the  Arabic  language  was  com- 
posed by  Abu  Abdallah  Mohammed  Ben  Musa,^  at  the  command  of 
Almamun,  who  succeeded  to  the  Caliphat  a.b.  813.     Haji  Khalfa,  in 

^  In  the  year  1831,  the  original  Arabic  of  this  treatise  was  edited,  and  translated 
into  English  by  Mr.  F.  Rosen,  and  published  by  the  Oriental  Translation  Fund. 
The  manuscript  which  Mr.  Rosen  used  is  preserved  in  tlie  Bodleian  Library  at 
Oxford,  bearing  the  date  of  its  transcription  in  the  year  473  of  the  Hejira,  which 
corresponds  to  1342  a.d.  Three  other  treatises  on  Arithmetic  and  Algebra  are 
bound  up  with  it  in  the  same  volume,  which  is  marked  '*  CMXVIII.  Hunt,  214,  fol." 
This  copy  of  Ben  Musa's  Algebra  is  the  only  one  Mr.  Rosen  knew  to  be  extant.  On 
the  nuu^gin  of  the  manuscript  are  written  some  notes  in  a  very  small  character. 
Some  of  them  are  marked  as  being  taken  from  a  commentary  by  Al  Mozaihafi,  pre* 
bably  the  same  person  whose  Introduction  to  Arithmetic  is  one  of  the  three  treatisae 
above  mentioned. 


Ilis  Bibliographical  work,  has  recorded  in  two  places  that  Mohammed 
Ben  Musa  was  the  first  Mussulman  who  had  ever  written  on  the  solu- 
tion of  problems  by  '*  the  rules  of  completion  and  reduction."  Both 
the  title  of  the  manuscript  and  the  author's  preface  agree  in  stating  it 
to  be  the  work  of  Mohammed  Ben  Musa,  and  the  mention  of  the 
Caliph  Almamim  in  the  preface,  establishes  the  identity  of  the  author. 
It  appears  also  from  a  marginal  note  (written  in  a  different  hand)  on 
the  first  and  second  pages  of  the  manuscript,  that  this  was  the  first  work 
on  Algebra  composed  by  a  Mohammedan.  Arabian  writers  agree  that 
Mohammed  Ben  Musa  was  the  first  who  made  known  to  the  Arabians 
the  Hindu  method  of  computation  by  numbers,  and  it  is  highly 
probable  that  his  knowledge  of  the  science  of  Algebra  was  derived 
from  the  same  source.  The  concurrent  testimony  of  Arabian  writers 
seems  to  be  still  further  confirmed  by  the  fact,  that  the  Arabians  wrote 
their  figures  from  left  to  rights  after  the  manner  of  the  Hindus,  but 
contrary  to  the  order  of  writing  their  language,  which  is  from  right  Iq 
Uft, 

It  may  further  be  added,  there  appears  no  evidence  of  facts  that 
the  Arabians  had  any  knowledge  of  the  Arithmetics  of  Diophantus 
anterior  to  the  middle  of  the  fourth  century  of  the  Hejira.  It  is 
related  by  Ebn  Aladami  in  the  preface  to  ids  Astronomical  Tables, 
that  Mohammed  Ben  Musa  abridged,  at  the  request  of  Almamun  (but 
before  his  accession  to  the  Oaliphat),  the  Sindhind,  or  Astronomical 
Tables,  translated  by  Mohammed  Ben  Ibrahim  al  Fazari,  from  the 
work  of  an  Indian  astronomer  who  visited  the  Court  of  Almansur  at 
Bagdad,  in  the  year  of  the  Hejira  156,  a.d.  777. 

The  Algebra  of  Mohammed  Ben  Musa  is  elementary,  ezhibiticg 
the  fundamental  operations,   including  mensuration  of    triangles,  * 

^  The  following  note  explains  their  notion  of  the  relation  of  the  diameter  and 
circmnference  of  a  circle  :  ~  "  In  any  circle,  the  product  of  its  diameter  multiplied  by  3  \ 
will  be  equal  to  the  periphery.  This  is  the  rule  generally  followed  in  practical  life, 
though  it  is  not  quite  exact  The  geometricians  have  two  other  methods.  One  of 
them  is,  that  you  multiply  the  diameter  by  itself;  then  by  10,  and  hereafter  take 
the  root  of  the  product ;  the  root  will  be  the  periphery.  The  other  method  is  used 
by  the  astronomers  among  them :  it  is  this,  that  you  multiply  the  diameter  by 
62832,  and  then  divide  the  product  by  20000 ;  the  quotient  is  the  periphery. 
Both  methods  come  nearly  to  the  same  effect."  The  following  note  appears  on  the 
margin  of  this  passage  in  the  Arabic  text : — "  This  is  an  approximaUon,  not  the 
exact  truth  itself ;  nobody  can  ascertain  the  exact  truth  of  this,  and  find  the  real 
circumference  ;  for  the  line  is  not  straight  so  that  its  exact  length  might  be  found. 
This  is  called  an  approximation,  in  the  same  manner  as  it  is  said  of  the  square  rootB 
of  irrational  numbers  that  are  an  approximation,  and  not  the  exact  truth.  The  best 
method  here  given  is,  that  you  multiply  the  diameter  by  84  ;  for  it  is  the  easiest  and 
qmckest." 

The  first  and  third  rules  of  Ben  Musa  are  found  in  the  Lilavati,  chap,  vi., 
sec.  201,  and  the  second  in  chap.  xiL,  sec.  40  of  the  Arithmetic  of  Brahmegux>tt. 
The  quotient  of  the  numbers  62882  divided  by  20000  in  the  Algebra  of  Ben  Musa. 
is  the  same  as  tbat  of  3927  divided  by  1260  in  the  Lilavati. 


circles^  &c.,  but  is  not  extended  beyond  the  solution  of  simple  and 
qnadratic  equations.  With  respect  to  this  treatise,  Mr.  Bosen,  in  his 
preface,  has  made  the  following  remarks : — 

**  But  under  whatever  obligation  our  author  may  be  to  the  Hindus, 
as  to  the  subject  matter  of  his  performance,  he  seems  to  have  been 
independent  of  them  in  the  manner  of  digesting  and  treating  it ;  at 
least,  the  method  which  he  follows  in  expounding  his  rules,  as  well  as 
in  showing  their  application,  differs  considerably  from  that  of  the 
Hindu  mathematical  writers.  Bhascara  and  Brahmegupta  give 
dogmatical  precepts,  unsupported  by  argument,  which,  even  by  the 
metrical  form  in  which  they  are  expressed,  seem  to  address  themselves 
rather  to  the  memory  than  to  the  reasoning  faculty  of  the  learner. 
Mohanmied  gives  his  rules  in  simple  prose,  and  establishes  their 
accuracy  by  geometrical  illustrations.  The  Hindus  give  comparatively 
few  examples,  and  are  fond  of  investing  the  statement  of  their  pro- 
blems in  rhetorical  pomp.  The  Arab,  on  the  contrary,  is  remarkably 
rich  in  examples,  but  he  introduces  them  with  the  same  perspicuous 
simplicity  of  style  which  distinguishes  his  rules.  In  solving  their 
problems,  the  Hindus  are  satisfied  with  pointing  at  the  result,  and  at 
the  principal  intermediate  steps  which  lead  to  it.  The  Arab  shows  the 
working  of  each  example  at  fiill  length,  keeping  his  view  constantly 
fixed  upon  the  two  sides  of  the  equation,  as  upon  the  two  scales  of  a 
balance,  and  showing  how  any  alteration  in  one  side  is  counterpoised 
by  a  corresponding  change  in  the  other." 

The  author's  preface  to  his  work  contains  the  following  passage : — 

''The  learned,  in  times  which  have  passed  away,  and  among 
nations  which  have  ceased  to  exist,  were  constantly  employed 
in  writing  books  on  the  several  departments  of  science,  and  on  the 
various  branches  of  knowledge,  bearing  in  mind  those  who  were  to 
come  after  them,  and  hoping  for  a  reward  proportionate  to  their 
ability,  and  trusting  that  their  endeavours  would  meet  with  acknow- 
ledgment, attention,  and  remembrance ;  content  as  they  were,  even 
with  a  small  degree  of  praise;  small,  if  compared  with  the  pains 
which  they  had  undergone,  and  the  difficulties  which  they  had  en- 
countered in  revealing  the  secrets  and  obscurities  of  science. 

"  Some  applied  themselves  to  obtain  information  which  was  not 
known  before  them,  and  left  it  to  posterity ;  others  commented  upon 
the  difficulties  in  the  works  left  by  their  predecessors,  and  defined  the 
best  method  (of  study),  or  rendered  the  access  (to  science)  easier, 
or  placed  it  more  within  reach ;  others  again  discovered  mistakes  in 
preceding  works,  and  arranged  that  which  was  confused,  or  adjusted 
what  was  irreg^ular,  and  corrected  the  faults  of  their  f eUow-labourers, 
without  arrogance  towards  them,  or  taking  pride  in  what  they  did 
themselves." 

iVfohammed  Ben  Musa,  at  the  beginning  of  his  treatise,  gives  no 


name  or  definition  of  the  science,  nor  does  lie  give  a  formal  explana- 
tion of  the  tenns  aljehr  and  dl  mohatbalah,  by  which  he  designates  certain 
operations  peculiar  to  the  solution  of  equations.  However,  he  re- 
peatedly employs  these  two  terms  combined  for  the  name  of  this 
entire  branch  of  mathematical  science.  As  the  former  of  these  terms 
has  been  introduced  into  the  several  languages  of  Europe,  and  is  now 
used  as  the  name  of  the  science  of  universal  arithmetic,  some  explana- 
tion appears  necessary.  The  following  particulars  are  chiefly  taken 
from  the  notes  on  Mr.  Boson's  translation. 

The  Arabic  Yeathjabar,  of  which  the  substantive  al  jebr  (algebra) 
is  a  derivative,  properly  and  correctly  means,  to  reiUre  something  brokeH, 
especially  to  set  right  a  fractured  bone,  or  a  dislocated  joint.  As  the 
Arabian  Moors  for  ages  maintained  their  conquests  in  Spain  imtil  the 
capture  of  Granada,  in  1492,  it  might  be  expected  that  many  words  of 
Arabic  origin  would  be  found  in  the  language  of  the  Spanish  people. 
Hence,  in  the  Spanish  and  Portuguese  languages,  is  the  word  Al^e- 
'  hristaf  unquestionably  derived  from  the  Arabic  words  al  jebr,  and  em- 
ployed as  flfynonymous  with  the  word  surgeon.  In  its  primazy  sense^ 
however,  it  was  probably  restricted  in  its  use  to  the  person,  who  in 
England  was  formerly  called  a  bone-setter.' 

In  mathematical  language,  the  verb  jtibar  means  to  make  perfect 
or  complete  any  quantity  that  is  incomplete,  or  subject  to  diminution. 
As  applied  to  equations,  it  denotes  to  add  to  one  side  of  an  equation 
>as  much  as  is  removed  from  the  other,  so  as  to  make  the  latter  com- 
plete. As,  for  instance,  if  ten  less  one  thing  be  equal  to  four  things. 
Then  jebr  is  the  removal  of  one  thing  from  one  side  of  the  equation, 
and  then  adding  one  thing  to  four  things  on  the  other  side ;  so  that 
-  one  side  is  made  complete  (or  wholly  positive)  by  the  removal  of  one 
thing;  and  the  equality  is  restored  by  adding  one  thing  to  the  four 
things  on  the  other  side. 

The  word  Mokabalah  is  a  noun  of  action,  from  a  verb  which  means 
to  be  in  front  of  a  thing,  or  to  compare  two  things  with  one  another. 
In  mathematical  language  it  is  employed  to  express  a  comparison 
between  positive  and  negative  quantities.  As  applied  to  equations,  it 
denotes  the  removal  of  equal  quantities  from  both  sides  of  an  equation ; 
also  the  withdrawal  of  equal  quantities  affected  with  contrary  signs 
from  the  same  side  of  an  equation ;  as,  for  example,  if  thing  added  to 
^square  be  equal  to  square  added  to  four,  then  thing  is  equal  to  four; 

^*— ^-^I^^^^M^^M^^^^^^^M^^B^— ^^^^»^^^^^l»^«^»^^^»^»^^—^  ■  ^^M^^M^B^^M^^^M^i^^l^^W^^— .^^l^M^^i^M^^^^I^^^^I^— ^^M^^^^^^^M^^l^^^^^^^^^^^ 

1  Mr.  Kosen  illustrates  the  meaning  of  the  word  by  a  passage  in  Arabic  from 
Motanabbi,  of  which  he  gives  the  following  translation  in  English  : — "  O  Thou  dn 
whom  I  rely  in  whatever  I  hope,  with  whom  I  seek  refuge  from  all  that  I  dread  ; 
whoso  bounteous  hand  seems  to  me  like  the  sea,  as  thy  gifts  arc  like  its  pearls  :  pity 
the  youthfalness  of  one  whose  prime  has  been  wasted  by  the  hand  of  Adversity,  and 
whose 'bloom  has  been  stifled  in  the  prison.  Men  will  not  heal  a  bone  which  thou 
Jiast  broken,  nor  will  they  break  one  which  thou  hast  healed." 
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also,  if  ten  added  to  thing  less  ten,  be  equal  to  i,  then  thing  is  equal 
to  4. 

This  science  has  therefore  been  called  by  the  name  of  these  two 
rules  al  jebr  and  al  mokabalah ;  namely,  the  rule  of  jebr  or  restora- 
tion, and  of  mokabalah  or  reduction.^ 

Both  Mohammed  Ben  Musa  and  other  Arabian  writers  on  Algebra 
did  not  adopt  the  Hindu  notations.  They  have  no  symbols,  arbitrary 
or  abbreviated,  to  denote  known  or  unknown  quantities,  either  posi- 
tive or  negative.  Neither  have  they  any  symbols  to  denote  the 
elementary  operations  of  the  science,  but  express  everything  by  words 
and  phrases  at  length.^ 

IHie  Arabian  algebraists  designated  the  unknown  quantity  by  the 
word  8haif  thing.  A  positive  quantity  they  characterised  by  die  word 
taHf  additional;  and  a  negative  quantity  by  naldsy  deficient^  without 
any  difloriminating  mark  for  either  of  them.  The  nrst  power  of  an 
unknown  quantity  was  also  named  root,  in  reference  to  other  powers. 
The  square  was  termed  mail,  possession  or  wealth ;  and  the  eiibe,  cdh ; 
and  these  two  terms,  mal  and  cdhy  were  combined  by  the  sums  of  the 
indices  of  the  powers,  as  compoimd  names  of  higher  powers  of  the  un- 
known quantity.    Their  method  of  solving  equations  was  different 

^  H%ji  Khalfa,  in  hin  biogiapbical  work,  gives  the  foUo^-ing  explanation.  Jebr  is 
the  adding  to  one  side  what  is  negative  on  the  other  side  of  an  equation,  owing  to  a 
sabtraction,  so  as  to  equalise  them.  Mokabalah  is  the  removal  of  what  is  positive 
from  either  sum,  so  as  to  make  them  equaL 

He  gives  further  illustration  of  this  by  an  example;  ''For  instance,  if  we 
say,  'Ten  less  one  thing  equal  to  four  things.'  Then  Jebr  is  the  removal  of 
the  subtraction,  which  is  performed  by  adding  to  the  minuend  an  amount  equal 
to  the  subtrahend ;  hereby  the  ten  is  made  complete,  that  which  was  defective 
in  tbem  being  restored.  An  amount  equal  to  the  subtrahend  is  then  added  to 
the  other  side  of  the  equation ;  as  in  the  above  instance,  after  the  ten  liave  been 
made-  comfdete,  one  thing  must  be  added  to  the  four  things,  which  thus  become 
five  things.  Mokabalah  consists  in  withdrawing  the  same  amount  from  quantities 
of  the  same  kind  on  both  sides  of  the  equation  ;  or,  as  others  say,  it  is  the  balancing 
of  certain  things  against  others,  so  as  to  equaHse  them.  Thus,  in  the  above  ex- 
ample, the  ten  are  balanced  against  the  five  with  a  view  to  equalise  them.  This 
science  has  therefore  been  called  by  the  name  of  these  two  rules— namely,  the  rule 
of  je^,  or  restoration,  and  of  mokdbdlah,  or  reduction,  on  account  of  the  frequent 
use  that  is  made  of  them." 

•  The  following  is  an  example  of  their  method  of  solving  simple  equations : — 

"  Two  numbers,  the  difference  of  which  is  two  dirhems  ;  you  divide  the  small 
^e  by  the  great  one,  and  the  quotient  is  equal  to  half  a  dirhem. 

Then  the  compatation  is  this  :  Multiply  thing  and  two  dirhems  by  the  quotient,, 
that  is  a  half.  The  product  is  half  a  thing  and  one  dirhem,  equal  to  thing.  Remove 
90W  half  a  dirhem  on  account  of  the  half  dirhem  on  the  other  side,  the  remainder  is 
one  dirhem  equal  to  half  a  thing.  Double  it ;  then  you  have  thing,  equal  to  two 
dUrhema.    This  is  one  of  the  two  numbers,  and  the  other  is  four." 

In  modem  notation,  -?^-i,  2«-«+2,  aj-2  and  aj+2-4. 


from  that  of  the  Hindus.  The  equation  was  prepared  by  two  pre- 
liminary operations,  by  means  of  which  all  the  terms  on  both  sides  of 
the  equation  were  made  positive,  before  their  rules  were  applied  to 
effect  the  solution. 

The  numbers  which  are  required  in  calculating  by  *'  completion  and 
reduction  "  are  described  to  be  of  three  kinds ;  namely,  roots,  squares, 
and  simple  nimibers  relative  neither  to  root  nor  square.  A  root  is  any 
quantity  which  is  to  be  multiplied  by  itself.  A  square  is  the  whole 
amount  of  the  root  multiplied  by  itself.  A  simple  nimiber  is  any 
number  which  may  be  pronounced  without  reference  to  root  or  square. 

A  nxmiber  belonging  to  one  of  these  three  classes  may  be  equal  to 
a  number  of  another  class ;  for  instance,  squares  are  equal  to  roots,  or 
squares  are  equal  to  numbers,  or  roots  are  equal  to  numbers.  By 
combining  these  three  kinds — ^namely,  roots,  squares,  and  numbers — 
there  arise  three  forms  of  quadratic  equations :  (1)  squares  and  roots 
equal  to  numbers;  (2)  squares  and  numbers  equal  to  roots;  (3)  roots 
and  numbers  equal  to  squares.  These,  in  the  modem  algebraic  nota- 
tion, are  expressed  by  a^+px  =  qy  si^+q=pSf  and  x^=px+q.  The 
form  s^-\'px=^  —q  was  excluded  from  their  classification  of  quadratic 
equations.  The  Arabians  held  a  less  general  notion  of  equations  than 
the  Hindus,  as  they  only  knew  equals  to  be  the  equality  of  two  or 
more  absolute  positive  quantities.  They  had  no  conception  of  the 
equation  x*+px+q  =  o,  the  sum  of  three  positive  quantities  being 
equal  to  zero,  otherwise  than  an  absurdity,  or  an  impossibility. 

In  the  solution  of  quadratic  equations ;  in  the  first  place,  they  re- 
duced the  coefficient  of  the  square  to  unity,  where  it  was  necessary. 
The  next  step  was  to  relieve  the  equation  of  negative  quantities  by  the 
operation  of  al  jebr.  This  name  was  given  to  the  operation  because  it 
was  only  after  negative  terms  had  been  removed  that  the  equation 
itself  became  capable  of  solution  by  the  application  of  their  rules. 
After  al  jebr  followed  al  mokabalah,  which  consisted  in  comparing  the 
equal  numbers  on  the  same  side,  and  on  both  sides  of  the  equation ; 
and  as  far  as  it  could  be  done,  to  cancel  them.  After  this  operation,  an 
equation  of  the  second  degree  was  reduced  to  one  of  the  three  speci&ed 
forms,  and  adapted  for  solution.^ 

The  Hindus,  on  account  of  their  more  complete  algebraic  notation, 
and  their  wider  view,  did  not  find  it  necessary  to  carry  back  an  equa- 
tion to  the  special  form  of  two  positive  equals.    On  that  account  they 

^  Ab  an  example  of  the  first  form  of  quadratic  equations,  "  roots  and  squares  are 
equal  to  numbers ;  one  square  and  ten  roots  of  the  same,  amount  to  thirty-nine 
dirhems ;"  that  is  to  say,  *'  what  must  be  the  square,  which  when  increased  by  ten  of 
its  own  roots,  amounts  to  thirty-nine  ?"  The  solution  is  this :  you  halve  the  number 
of  the  Toota^  which  in  the  present  instance  yields  five.  You  multiply  by  itself ;  the 
product  is  twenty-five.  Add  this  to  thirty-nine,  the  sum  is  sixty-four.  Now  take 
the  root  of  this,  which  is  eight,  and  subtract  from  it  half  the  number  of  the  roots 


liad  no  particular  names  for  the  two  preliminary  operations  wliich  the 
Arabians  had  described  by  the  names  al  jebr  and  id  mokabalah. 

These  two  operations  (one  of  which  has  given  the  name  to  the 
science)  are  precisely  what  are  enjoined,  without  distinctiye  appella- 
tions of  them,  in  the  introduction  of  the  Arithmetics  of  Diophantus. 
He  directs  that  if  the  quantities  be  positive  on  both  sides,  like  are  to 
be  taken  from  like  imtil  one  species  be  equal  to  one  species ;  but  if, 
on  either  side  or  on  both,  any  species  be  negative,  the  negative 
species  as  positive  must  be  added  to  both  sides,  so  that  all  the 
quantities  become  positive  on  both  sides  of  the  equation ;  after  which. 
Eke  are  again  to  be  taken  from  like,  imtil  one  species  remain  on  each 
Bide(Def.  11). 

Among  the  writers  subsequent  to  Mohammed  Ben  Musa,  may  be 
mentioned  Abufaraj,  the  author  of  a  treatise  on  computation.  He 
lived  in  the  twelfth  centuiy  of  the  Ohristian  era,  and  noticed  a  book 
of  numerical  computation  which  Mohammed  Ben  Musa  amplified,  and 
which  he  declared  ''is  a  most  expeditious  and  concise  method,  and 
testifies  the  ingenuity  and  aeuteness  of  the  Hindus." 

The  celebrated  Abu  Tusef  Alkindi,  contemporary  with  the  astro- 
loger Abu  Masher,  in  the  third  century  of  the  Hejira,  was  versed  in 
the  sciences  of  Greece,  India,  and  Persia,  and  was  also  the  author  of 
several  treatises  on  numbers.  His  pupil,  Ahmed  Ben  Mohammed 
of  Sarkiri  in  Persia,  who  flourished  about  the  middle  of  the 
third  century  of  the  Hejira,  was  the  author  of  a  complete  treatise  of 
eomputation,  embracing  Arithmetic  and  Algebra.  About  the  same 
time  a  treatise  on  AJgebra  was    composed   by  Abu   Hanifah  o£ 

which  U  five ;  the  remainder  b  three.  This  is  the  root  of  the  square  you  sought 
for;  the  square  itself  is  nine. 

In  modem  notation,  the  equation  is  a:'+10j;=s89. 

The  following  is  another  example  from  M.  Rosen's  translation  :— 

"  I  have  divided  ten  into  two  parts ;  I  have  then  multiplied  each  of  them  by  itself, 
and  when  I  had  added  the  products  together,  the  sum  was  fifty-eight  dirhems. 

Compotation.  Suppose  one  of  the  two  parts  to  be  thing,  and  the  other,  ten 
minus  thing.  Multiply  ten  minus  thing  by  itself ;  it  is  a  hundred  and  a  squaro 
minus  twenty  things.  Then  multiply  thing  by  thing ;  it  is  a  square.  Add  both 
together.  The  sum  is  a  hundred,  plus  two  squares  minus  twent}'  things,  which  are 
equal  to  fifty-eight  dirhems.  Take  now  the  twenty  negative  things  from  tho 
Imndred  and  the  two  squares,  and  add  them  to  fifty-eight ;  then  a  hundred,  pluR 
two  squares,  are  equal  to  fifty-eight  dirhems  and  twenty  things.  Reduce  this  to  one 
aqfoare  by  taking  the  moiety  of  all  you  hare.  It  is  then  :  fifty  dirhems  and  a 
•qDsre»  which  are  equal  to  twenty-nine  dirhems  and  tea  things.  Then  reduce  this, 
by  tiddag  twenty-nine  from  fifty ;  there  remains  twenty-one  and  a  square,  equal  to 
ten  things.  HalTe  the  number  of  roots,  it  is  five ;  multiply  this  by  itself,  it  in 
tw«nty-fiTe ;  take  fhmi  this  the  twenty-one  which  are  connected  with  the  square,  the 
x«snainder  is  four.  Extract  the  root,  it  is  two.  Subtract  this  from  the  moiety  of 
the  roots,  namely,  from  five,  there  remains  three.  This  is  one  of  the  portions ;  the 
other  is  seven." 
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Dainawar,  who  lived  till  about  the  290th  year  of  the  Hejira.  At  a  later 
period  flourished  Abulwaf a  of  Buzjani,  a  distinguished  mathematician, 
whose  death  happened  in  the  388th  year  of  the  Hejira.  He  wrote 
several  treatises  on  computation,  and  a  commentary  on  the  Algebra  of 
Mohammed  Ben  Musa,  also  on  another  of  less  repute  and  of  later 
date  by  Abu  Yahya.  He  was  the  first  Arabian  who  translated  the 
ArithmeticB  of  Diophantus  from  Greek  into  Arabie.^^  This  work  was 
executed  nearly  two  centuries  after  the  Arabians  had  become  acquainted 
with  the  sciences  of  the  arithmetic  and  astronomyof  the  Hindus. 

It  was  in  the  reign  of  Haroun  Alrasohid  that  the  astronomy  of  the 
Ghreeks  became  known  to  the  Arabians  by  a  translation  of  Ptolemy's 
Almagest. 

In  the  year  1851,  Dr.  Woepcke  published  the  original  Arabic  of  a 
treatise  on  Algebra,  composed  by  Omar  Alkhayyami,  with  a  French 
translation.^  The  years  of  the  birth  and  death  of  the  author  are  un- 
known. It  is  known,  however,  that  he  was  brought  up  with  two 
youths  who  afterwards  became  distinguished.  One  of  them  was  the 
Yizder  of  Malak  Shah,  the  last  oiJ^t»  Seljukian  Sultans,  who  died 
about  A.D.  1072.  His  work  is  divided  into-'flv«  parts.  The  introduc- 
tion contains  a  preface,  and  the  definitions  of  the  science,  &o.  Next, 
the  solution  of  equations  of  the  first  and  second  degree.  Thirdly,  the 
construction  of  cubic  equations.  Fourthly,  the  discussion  of  equations 
involving  fractions,  and  having  powers  of  the  unknown  quantity  in  the 
denominators.  And  lastly,  some  additions.  In  treating  the  subject  of 
equations,  he  always  conneots  the  solution  with  some  geometrical  con- 
struction, or  the  converse.  For  cubic  equations,  however,  he  was  obliged  to 
confine  himself  to  the  latter  course.  He  gives  the  same  threefold  division 
of  quadratic  equations  as  Mohammed  Ben  Musa,  and  exhibits  a  classifi- 
cation of  cubic  equations.^  The  constructions  of  these  equations  are 
effected  in  different  ways,  some  of  them  requiring  the  properties  of  the 
conic  sections,  as  the  example  (p.  62).     ''The  equation,  a  cube  and 


1  Tlie  original  Arabic  of  this  work,  witk  a  tranaiation  in  the  French  language, 
-vvas  printed  at  Paris  in  1851,  entitled,  "L'Algwbre  d'Omar  Alkhayyami,  publiee,' 
ti-adnite  et  axjcompognee  d'cxtraita  de  manuscritu  inedits,  par  F.  Woepcke,  Docteur 
agregc  a  TUniversite  de  Bonn,  Membre  de  la  Society  Asiatique  de  Paris." 

2  The  following  are  examples  of  the  classes  of  cubic  equations,  each  of  which 
consists  at  least  of  two  terms  on  one  side  and  one  term  on  the  other,  expressed  in 
modem  notation. 

(1)  x^-^ea^^hx :     (2)  jc»-f  &c=a  :     (3)  a?-\-<a^=^hx-\-a : 

These  different  classes  arise  from  the  method  adopted  by  the  Arabians  of  con- 
sidoring  an  equation  when  reduced  to  consist  only  of  positive  quantities.  In  the 
text,  these  dasaes  a»  ezpresKcd  in  words,  as,  for  instance,  the  first  example  above, 
x^+ca^mibx,  is  described,  **  A  cube  and  squares  equal  to  roots." 


roots  are  equal  to  squares  and  numbers"  {2^+cx  =  ha^+a,  in  modem 
notation),  is  constructed  by  means  of  a  circle  and  the  asymptotes 
of  an  equilateral  hyperbola. 

The  Kisala  Hisab  is  a  short  treatise  on  Arithmetic  and  Geometry 
written  in  the  Persian  language  by  £azi  Zadeh  al  Humi,  surnamed 
All  Kushchi.  He  was  one  of  the  celebrated  astronomers  employed 
by  niugh  Begh  to  construct  the  astronomical  tables  which  bear  the 
name  of  that  prince,  who  had  caused  an  observatory  to  be  erected  in 
Samarcand  for  that  purpose.  Ulugh  Begh  was  slain  by  his  rebellious 
son,  A.n.  853,  or  a.d.  1474. 

BahaEddin  was  bom  at  Balbec  a.h.  953,  and  died  a.h.  1031,  or 
A.D.  1652.  He  was  the  author  of  a  work  on  Algebra,  entitled  ''  Kho- 
lasat  al  Hisab," ^  which  was  considered  by  learned  Mohammedans 
as  the  most  scientific  treatise  on  the  subject.  This  work  was  translated 
into  the  Persian  language  about  sixty  years  after  the  death  of  the 
author.  Mr.  Strachey  has  given,  in  the  twelfth  volume  of  the  Asiatic 
Researches,  an  analysis  of  the  contents  of  this  work,  from  which  the 
abstract  in  the  note^  will  supply  a  more  complete  conception  of  the 
knowledge  of  Algebra  among  the  Arabians. 

^  'The  Arabic  text  of  the  Kholasat  al  Hisab,  with  a  Persian  Commeiitary  bj 
RoshaiL  Ali,  was  piintod  at  Calcutta  in  the  year  1812. 

*  The  work  ia  stated  by  the  author,  Baha  Eddin,  in  his  preface,  to  consist  of  an 
uitrodQction»  ten  books,  and  a  conclusion. 

The  introdnction  contains  the  definitions  of  arithmetic,  nnmber,  kxt.,  and  the 
author  ascribes  to  the  Indian  sages  the  invention  of  the  nine  figures  to  express  the 
numbers  from  one  to  nine. 

Book  I.  comprises  the  arithmetic  of  integers,  with  the  rules  of  addition,  dupla- 
tion,  subtraction,  halving,  multiplication,  division,  and  the  extraction  of  the  square 
root ;  and  the  method  of  proving  the  operations  by  casting  out  the  nines  is  described 
under  each  of  these  rules. 

Book  II.  contains  the  arithmetic  of  fractions. 

Book  III.  contains  the  rule  for  finding  an  unknoTnii  number  by  four  proper- 
tionala 

Book  ly.  gives  a  rule  for  finding  an  unknown  number  by  assuming  a  known 
number,  once  or  twice,  and  comparing  the  errors. 

Book  V.  gives  a  method  of  finding  an  unknown  number  by  reversing  aU  the 
steps  of  the  process  described  in  the  question. 

Book  VI.  treats  of  mensuration  in  three  chapters.  Chapter  1  treats  of  the 
mensuration  of  lines  and  areas  of  rectilinear  figures.  Chapter  2  treats  of  cur- 
vilinear surfaces.    Chapter  8  is  on  the  mensuration  of  solids. 

Book  VII.,  on  practical  geometr}*.  Chapter  1.  On  levelling  for  the  purpose  of 
Biaking  canals.  In  this  arc  described  the  plummet  level  and  the  water  level, 
on  the  same  principle  as  the  spirit  lev6l.  Chapter  2.  On  the  mensuration  of 
heights.  Chapter  S.  On  the  measuring  of  the  breadth  of  rivers  and  the  depth  of 
wells. 

Book  VIIL,  on  finding  unknown  quantities  by  algebra.  Chapter  1.  Introduction. 
Chapter  2.  On  the  six  rules  of  algebra.  The  author  remarks  :  *'  To  find  unknown 
qutt&tities  by  algebra  depends  on  acuteness  and  sagacity,  an  attentive  consideration  of 
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The  Lilavati  of  Bhascara  was  translated  by  the  celebrated  Fyzee 
into  the  Persian  language  in  the  year  a.d.  1587.     In  the  preface  the 


the  tenns  of  the  question,  and  a  snccessful  application  of  the  invention  to  such 
things  as  may  serve  to  bring  out  what  is  required.  Call  the  unknown  quantity  shaU 
thing,  and  proeeed  with  it  according  to  the  terms  of  Uie  question,  as  has  been  said, 
till  ^6  operation  ends  with  an  equation.  Let  that  side  where  there  are  negative 
quantities  be  made  perfect,  and  let  the  negative  quantity  be  added  to  the  other  side  ; 
this  is  called  Jebr,  restoration ;  let  those  things  which  are  of  the  same  kind,  and 
equal  on  both  sides,  be  thrown  away ;  this  is  JHokabaZah,  opposition. 

Book  IX.  contains  the  following  twelve  rules  respecting  the  properties  of 
numbers : — 

1.  To  find  the  sum  of  the  products  of  a  number  multiplied  into  itself  and  into 
all  numbers  below  it ;  add  one  to  the  number,  and  multiply  the  sum  by  the  square 
of  the  number  ;  half  the  product  is  the  number  required. 

2.  To  add  the  odd  numbers  in  their  regular  order  ;  add  one  to  the  last  number, 
and  take  the  square  of  half  the  sum. 

3.  To  add  even  numbers  from  two  upwards ;  multiply  half  the  last  even  number 
by  a  number  greater  by  one  than  that  half. 

4.  To  add  the  squares  of  the  numbers  in  order  ;  add  one  to  twice  the  last  num- 
ber, and  multiply  a  third  of  the  sum  by  the  sum  of  the  numbers. 

5.  To  find  the  sum  of  the  cubes  in  succession ;  take  the  square  of  the  sum  of 
the  numbers. 

6.  To  find  the  product  of  the  ro«ts  of  two  numbers  ;  multiply  one  by  the  other, 
and  the  root  of  the  product  is  the  answer. 

7.  To  divide  the  root  of  one  number  by  that  of  another ;  divide  one  by  the  other, 
the  root  of  the  quotient  is  the  answer. 

8.  To  find  a  perfect  number — that  is,  a  number  which  is  equal  to  the  sum  of  its 
aliquot  parts  (Euclid,  Book  VII.,  def.  22).  The  rule  is  that  delivered  by  £ucli(l, 
i^oklX.,  prop.  86. 

9.  To  find  a  square  in  a  given  ratio  to  its  root ;  divide  the  first  number  of  the 
ratio  by  the  second  ;  the  square  of  the  quotient  is  the  square  required. 

10.  If  any  number  is  multiplied  and  divided  by  another,  the  product  multiplied 
by  the  quotient  is  the  square  of  the  first  number. 

11.  The  difference  of  two  squares  is  equal  to  the  product  of  the  sum  and  difior- 
ence  of  the  roots. 

12.  If  two  numbers  are  divided  by  each  other,  and  the  quotients  multiplied 
together,  the  result  is  always  one. 

Book  X.  contains  nine  examples. 

**  Conclusion.  There  ore  many  questions  in  this  science  which  learned  men  have 
to  this  time  in  vain  attempted  to  solve  ;  and  they  have  stated  some  of  these 
questions  in  their  writings,  to  prove  that  this  science  contains  difliculties,  to  silence 
those  who  pretend  they  find  nothing  in  it  above  their  ability,  to  warn  arithme- 
ticians against  undertaking  to  answer  every  question  that  may  be  proposed,  and 
to  excite  men  of  genius  to  attempt  their  solution.  Of  these  I  have  selected 
seven  : — 

1.  To  divide  ten  into  two  parts,  such  that  when  each  part  is  added  to  its  square 
root,  and  the  sums  are  multiplied  together,  the  product  is  equal  to  a  supposed 
number. 

2.  What  square  number  is  that  which  being  increased  or  diminished  by  ten, 
the  sum  and  remainder  are  both  square  numbers? 

3.  A  person  said  he  owed  Zaid  ten  all  but  the  square  root  of  what  he  owed 
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translator  remarks : — "  By  order  of  tlie  Emperor  Akbar,  Fyzee^  trans- 
lates into  Persian  from  the  Indian  language  the  book  lolayati,  so 
famous  for  the  rare  and  wonderful  arts  of  calculation  and  men- 
suration. He  [Fyzee]  begs  leave  to  mention  that  the  compiler  of 
this  book  was  Bhascara  Acharya,  whose  birthplace,  and  the  abode  of 
his  ancestors,  was  the  ciiy  of  Biddur  in  the  country  of  the  Deccau." 

The  Yija  Qtmita  was  translated  into  Persian  by  Ata  AUa  Bashee- 
dee,  probably  at  Agra  or  Delhi.  The  Persian  translator  has  prefixed 
the  following  introduction  to  his  work : — 

"By  the  grace  of  God,  in  the  year  1044  Hejira  [a.d.  1665],  being 
ihe  eighth  year  of  the  king's  reign,  I,  Ata  Alia  Sasheedee,  son  of 
Ahmed  Nadir,  have  translated  into  the  Persian  language,  from  Indian, 
the  book  of  Indian  Algebra,  called  Beej  Qnnnit  [Yija  Ganita],  which 
was  written  by  Bhasker  Acharij  [Bhascara  Acharya],  the  author  of 
the  Leelawuttee  [LUavati].  In  the  science  of  calculation  it  is  a  dis- 
coTorer  of  wonde^l  truths  and  nice  subtleties,  and  it  contains  useful 
and  important  problems  which  are  not  mentioned  in  the  Leelawuttee, 
nor  in  any  Arabic  or  Persian  book.  I  have  dedicated  the  work  to 
Shah  JehaUy'  and  I  have  arrianged  it  according  to  the  original  in  an 
introduction  and  five  books." 

This  Persian  version  of  the  Yija  Ganita  was  translated  into  English 
by  Edward  Strachey,  of  the  East  India  Company's  Bengal  Civil 
Service.^  Mr.  Strachey  remarks  that  the  Persian  does  not  afford  a 
correct  idea  of  the  original  Sanscrit,  as  a  translation  .should  do ;  and 
describes  it  as  an  undistinguished  mixture  of  text  and  commentary. 
He  gives  a  literal  translation  of  extracts  from  the  Persian,  with  re- 

Amer,  and  that  be  ovsed  Amer  five  all  but  tbe  square  root  of  what  be  owed 
Zaid. 

4.  To  divide  a  cube  number  into  two  cube  numbers. 

5.  To  divide  ten  into  two  parts,  such  that  if  each  is  divided  by  the  other, 
and  the  two  quotients  are  added  together,  the  sum  is  equal  to  one  of  the  parts. 

6.  There  are  three  square  numbers  in  continued  geometrical  proportion,  such 
that  the  sum  of  the  three  is  a  square  number. 

7.  There  is  a  square,  such  that  when  it  is  increased  and  diminished  by  its  root 
and  two,  the  sum  and  the  difference  are  squares. 

'*  Know,  reader,  that  in  this  treatise  I  have  collected  in  a  small  space  the  most 
beautiful  and  best  rules  of  this  science,  more  than  were  ever  collected  before  in  one 
book.  Do  not  underrate  the  value  of  this  bride ;  hide  her  from  the  view  of  those 
who  are  unworthy  of  her,  and  let  her  go  to  the  house  of  him  only  who  aspires  to 
wed  her." 

1  Faizee's  Persian  translation  of  the  Ulavati  was  printed  in  8vo  at  Calcutta 

in  1S27. 

*  In  the  Fitzwilliam  J^Iuseum  at  Cambridge  is  preserved  a  splendid  model  in 
rvory  of  the  palace  tomb  which  Shah  Jehan  had  erected  to  the  memory  of  hia  wife. 

s  <*Bija  Qanita,  or  the  Algebra  of  the  Hindus,"  by  Edward  Strachey,  of  the 
£ast  India  Company's  Bengal  Civil  Service.  London,  1818.  (fieviewed  in  the 
*«EdinburgKReview"  for  July,  1818.) 
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marks  of  Eifi  own.  He  has  translated  almost  all  the  rules,  some  of  the- 
examples  entirely,  and  others  partly,  including  whatever  he  thought 
deserving  attention,  as  giving  a  distinct  idea  of  the  work.  The 
reference  to  Euclid^  in  the  Persian  can  only  be  regarded  as  an  inter- 
polation by  a  later  hand,  as  no .  references  to  Euclid  have  been  dis- 
covered in  Sanscrit  copies  of  the  Yija  Ganita. 

Mr.  Strachey  has  employed  in  his  work  the  symbols  and  methods 
of  modem  algebra,  and  adds  the  following  judicious  remark  of  the 
Persian  translator  in  reference  to  the  teacher  and  learner.  '^In  cal- 
culation, correctness  is  the  chief  point.  A  wise  and  considerate  person 
win  easily  remove  the  veil  from  the  object ;  but  where  the  help  of 
acuteness  is  wanting,  a  very  clear  explication  is  necessary."  ^ 

It  also  appears  that  the  peculiar  notation  of  the  Hindus  is  entirely 
wanting  in  the  Persian,  where  the  algebraic  processes  are  always 
expressed  in  words  at  length.  Most  of  the  technical  terms  used  in 
the  Persian  translation  are  Arabic.  The  product  of  two  quantities  in 
general  is  called  their  rectangle. 

It  appears  that  the  Persians  are  indebted  for  whatever  mathe- 
matical  knowledge  they  acquired  to  the  Arabians,  who  had  before 
derived  all  their  knowledge  from  the  Hindus  and  the  Greeks. 

The  Persians  have  borrowed  the  word  jehr  and  mokahalah,  together 
with  the  greater  part  of  their  mathematical  terminology,  from  the 
Arabs.    The  following  extract  from  a  short  treatise  on  Algebra  in 

^  The  reference  to  Euclid  is  contained  in  the  solution  of  the  question,  "What 
right-angled  tiiangle  is  that,  the  sum  of  whose  three  sides  is  40,  and  the  rectangle* 
of  the  two  sides  about  the  right  angle  120  ? "  In  the  solution  occurs  the  expression, 
"  For  the  sum  of  the  two  sides  is  always  greater  than  the  hypotenuse,  by  tiie  asses* 
proposition."  In  a  note,  the  English  translator  adds,  "Meaning  by  the  asses'  pro- 
position, the  20th  of  the  iirst  book  of  Euclid,  which,  we  are  told,  was  ridiculed  by 
the  Epicureans  as  clear  even  to  asses."  This  tradition  of  the  East,  however,  differs 
from  that  of  the  West ;  since  it  has  been  handed  down,  that  the  Cth,  and  not  the 
20th  proposition  of  the  first  Book  of  Euclid,  bears  that  designation.  A  Cambridge 
witty  wag  of  former  days  has  supplied  some  small  comfort  for  the  halting  and  feeble- 
mindel  who  are  too  weak  to  proceed,  in  the  following  pithy  couplet : — 

"  If  this  be  rightly  called  the  bridge  of  asses. 
He's  not  the  ass  who  stops,  but  he  who  passes." 

^  Mr.  Strachey  has  printed  the  following  extract,  a  translation  from  a  Persian 
treatise  on  arithmetic,  in  p.  184  of  vol.  xii.  of  the  Asiatic  Researches.  "  The  Indian> 
sages,  wishing  to  express  numbers  convenientiy,  inyented  the  nine  figures.  The  first 
figure  01^  the  right  hand  they  made  stand  for  units,  the  second  for  tens,  the  third  for 
hundreds,  the  fourth  for  thousands.  Thus,  after  the  third  rank,  the  next  following 
is  units  of  thousands,  the  second  tens  of  thousands,  the  third  hundreds  of  thousands, 
and  so  on.  Evciy  figure,  therefore,  in  the  first  rank,  is  the  number  of  units  it  ex- 
presses, every  figure  in  the  second,  the  number  of  tens  which  the  figure  expresses,  in 
the  third,  the  number  of  hundreds,  and  so  on.  When  in  any  rank  a  figure  is  wanting, 
write  a  cipher  like  a  small  circle  o,  to  preserve  the  rank.  Thus  ten  is  written  10^ 
a  h'jndred  100,  five  thousand  and  twenty-five  6025." 
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Pt^rsian  verse,  by  Mohammed  Nadjm-Eddin  Khan,  appended  to  the 
Calcutta  edition  of  the  Kholasat  al  Hisab,  will  serve  as  an  illustration 
of  this  remark : — 

'' Complete  the  side  in  which  the  expres^fon  ilia  (less,  minus) 
occurs,  and  add  as  much  to  the  other  side,  0  learned  man :  this  is  in 
correct  lang^oage  called  jelr.  In  making  the  equation  mark  this  :  it 
may  happen  that  some  terms  are  cognate  and  equal  on  each  side, 
wlUiout  distinction;  these  you  must  on  both  sides  remove,  and  this 
you  call  moIMalafi." 

In  the  thirteenth  volume  of  the  ^'Asiatic  Eesearches"  is  printed 
an  Essay  by  J.  Tytler,  Esq.,  on  the  **  Binomial  Theorem  as  known  to 
the  Arabians."  The  essay  contains  an  English  translation,  with  the 
Arabic  original,  of  a  passage  from  the  Ayoun-ul-Hisab,  or  Bules  of 
Arithmetic,  composed  by  Mohanmied  Baquier,  in  the  reign  of  Shah 
Abbas  I.,  about  the  year  a.d.  1600.  In  the  example  given,  the  number 
1 2  is  employed,  and  the  mode  of  solution  appears  to  be  the  same  as 
that  given  in  the  Lilavati,  in  which  the  number  is  6,  for  finding  the 
number  of  combinations  of  6  things  taken  1,  2,  3,  &c.,  at  a  time.  It 
may  reasonably  be  doubted  whether  the  Hin^^  or  the  Arabians  had 
attained  to  the  idea  that  the  successive  coeh2'uents  of  an  expanded 
binomial  are  respectively  equal  to  the  numbers  of  combinations  of  a 
number  (equal  to  the  exponent)  of  things  taken  1, 2,  8,  &c.,  at  a  time, 
when  the  exponent  itself  is  a  positive  integer. 

Daring  the  middle  ages  the  countries  of  Western  Europe  appear 
to  have  produced  few  students  of  eminence  in  the  mathematical 
«cienoe8.  The  scientific  knowledge,  such  as  it  was  in  these  times,  was 
not  derived  directly  eiHier  from  Greek  or  Hindu  sources.  There  were, 
however,  individuals  who,  inspired  with  a  thirst  for  knowledge,  both 
in  England  and  on  the  continent,  travelled  into  foreign  countries  in 
search  of  knowledge.  Notices  of  such  persons  are  extant,  as  Adelard, 
a  monk  of  Bath,  who  first  brought  the  knowledge  of  Euclid's  Elements 
into  England  by  a  translation  from  the  Arabic;  and  John  of  Basing^ 
stoke,  who  introduced  the  knowledge  of  the  Greek  numerical  characters* 
And  others,  such  as  Boger  Bacon,  a  diligent  student  of  the  works  of 
nature,  whose  attempts  to  promote  the  advancement  of  the  sciences 
brought  him  xmder  the  suspicion  of  the  clergy  in  those  times  of  prac- 
tising magic  and  of  having  dealings  with  the  devU.  The  seventh 
century  of  the  Christian  era  was  almost  barren  of  writers  on  science. 
The  iiruption  and  wars  of  the  Saracens,  and  the  increasing  corruptions 
of  the  Ghuich,  mutually  assisted  in  the  destruction  of  all  learning  and 
science.  The  eighth  centuiy  was  nearly  of  the  same  character,  \rith  a 
few  ezceptionB  of  great  eminence.  Isidorus  Hispalensis  flourished 
in  the  early  part  of  the  seventh  centuiy,  and  governed  the  Church  of 
Seville  as  Archbishop  for  forty  years.  He  was  the  most  eminent 
-Bcholar  of  his  age.    1^  writings  were  numeious ;  one  of  the  mo^t 
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important  was  an  Encydopaodia,  which,  with  other  eubjects,  treated 
of  the  liberal  arts  of  geometiy,  arithmetic^  music,  and  astronomy. 
Bcde,  styled  the  Venerable,  was  the  most  learned  man  of  his  time,  as 
his  extant  writings  clearly  prove.  He  lived  in  the  eighth  oentury, 
and  among  his  numerous  writings  is  one  entitled,  "  De  Temponim 
Batione."  It  begins  with  an  explanation  of  the  mode  of  numerical 
computation  by  means  of  the  hands,  the  fingers,  &c.,  and  gives  an 
acGOimt  of  the  Gbeek  and  Boman  notations  for  recording  numbers. 
This  treatise,  as  its  name  imports,  contains  an  account  of  ecclesiastical 
chronology,  and  in  some  manuscripts  it  includes  the  tract,  ''  De  Herum 
Natura."^  The  treatise  ''De  Numerorum  Divisione,"  attributed  to 
Bede,  clearly  belongs  to  a  later  period.  It  will  be  found  in  pp. 
159-163,  book  i.,  of  the  folio  edition  of  his  works  printed  in  1529. 
The  treatise  is  one  of  the  works  of  G-erbert,  on  the  Abacus,  and  was 
dedicated  by  him  to  his  friend  Constantinus. 

Alcuin,  a  disciple  of  the  Venerable  Bede,  was  the  author  of  nu* 
merous  works,  chiefly  theological.  Among  his  miscellaneous  writings 
will  be  found  an  elementary  introduction  to  the  different  sciences,  and 
a  tract  entitled,  ''Ftopositiones  Arithmeticse  [LUI.]  ad  acuendoa 
juvenes,"  which  has  been,  without  evidence,  included  in  the  works  of 
Bede. 

In  the  middle  ages,  the  Coimcils  of  the  Eoman  Church,  in  their 
decrees,  directed  bishops  in  their  pastorals  to  recommend  to  their 
clergy  the  study  of  sacred  chronology,  and  that  in  every  monastery 
there  should  be  one  person  at  least  who  understood  the  order  of  the- 
festivals  of  the  Church  as  determined  by  the  Calendar  of  the  current 
years.    In  this  way  computation  always  maintained  a  small  place  in 

^  ''  Bedc*s  work,  entitled,  '  De  Reram  Natara,'  has  two  great  merits ;  it  assembler 
into  one  focus  the  wisest  opinions  of  the  ancients  on  the  subjects  he  discusses,  and  it 
continuaUy  refen  the  phenomena  of  nature  to  natural  causes.  The  imperfect  state 
of  knowledge  prevented  him  from  discerning  the  true  natural  cause  of  many  things, 
but  the  principle  of  referring  the  events  and  appearances  of  nature  to  its  own  laws 
and  agencies,  displays  a  mind  of  sound  philosophical  tendency,  which  was  calculated 
to  lead  his  countiymcn  to  a  just  mode  of  thinking  on  these  subjects.  Although  to 
teach  that  thunder  and  lightning  were  the  collisions  of  the  clouds,  and  that  earth- 
quakes were  the  effect  of  winds  rushing  through  the  spongy  cavems  of  the  earth, 
were  erroneous  deductions,  yet  they  were  light  itself  compared  with  the  superstitions 
which  other  nations  have  attached  to  these  phenomena.  Such  theories  directed  the 
mind  into  the  right  [lath  of  reasoning,  though  the  correct  series  of  the  connected 
event*  and  the  operating  laws  had  not  then  become  known.  The  works  of  Bede 
supply  evidence  that  the  establishment  of  the  Teutonic  nations  in  the  Roman  empire 
did  not  barbarise  knowledge.  He  collected  and  taught  more  natural  truths,  with 
fewer  errors,  than  any  Soman  book  on  the  same  subjects  had  accomplished.  Thus 
his  work  displays  an  advance,  not  a  retrogradation,  of  human  knowledge ;  and  from 
its  judicious.selection  and  concentration  of  the  best  natural  philosophy  of  the  Bomair 
empire,  it  does  high  credit  to  the  Anglo-Saxon  good  sense. ''-—iSftaron  Tumer^i- 
Mikory  of  the  Anglo-Saxons,  vol.  iii.,  p.  403. 
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the  education  of  the  clerical  order.  In  a  manuscript  of  the  date  a.i>. 
944,  we  are  told  that  reckoning  was  seldom  done  on  paper,  but  more 
frequently  on  the  fingers,  according  to  the  ancient  custom.  There  is 
no  mention  even  of  the  abacus  nor  of  the  counters. 

In  the  eyes  of  Alcuin,  and  many  others  of  the  priestly  order,  theology 
gaye  to  the  science  of  number  its  real  importance,  in  that  it  was  sup- 
posed to  throw  light  on  the  symbolical  numbers  found  in  Holy  Writ. 
He  considers  the  number  6  the  number  of  God,  who  created  all  things, 
because  it  is  a  perfect  number,  or  the  sum  of  its  aliquot  parts ;  but 
the  number  8  is  an  imperfect  number,  the  sum  of  the  aliquot  parts  of 
it,  1,  2,  4,  being  equal  to  7,  a  number  less  than  8.  From  this  number 
S  sprung  the  second  origin  of  mankind  after  the  deluge ;  as  we  read 
that  in  Noah's  ark  8  persons  were  saved,  from  whom  descended  the 
whole  human  race,  which  shows  that  the  second  orig^  of  the  race  was 
.as  imperfect  as  the  first  that  were  made  after  the  number  6.^  A 
amilar  use  was  made  of  astronomy.    By  such  speculations  the  leacned 

^  Nichomachua  of  Gerasa,  who  lived  about  the  time  of  Au^stns  Csesar,  the  first 
'Roman  Emperor,  was  the  author  of  a  treatise  entitled  "  Isagoge  Arithmetica."  lam- 
1>lico8  wrote  a  commentary  on  this  work,  and  surpassed,  in  his  visionary  specula- 
tions on  numbers,  the  most  extravagant  of  his  predecessors.  Porphyry  also  wrote 
<m  the  mysteries  of  numbers. 

The  propensity  for  finding  mysteries  in  numbers,  and  in  their  relations  and 
^malogies,  did  not  end  with  the  latest  of  the  commentators  on  the  Platonic  philo- 
flophy,  but  has  descended  even  to  modern  times.  Several  works  have  appeared  since 
the  introduction  of  the  Indian  science  of  numbers,  for  the  express  purpose  of  ex- 
plaining their  mysterious  properties. 

Ifeonius  published  in  1681  his  work,  which  he  called  "  Denarius  Pythagoricus." 
It  contains  a  collection  of  the  names  and  properties  of  the  first  ten  numbers,  from 
the  writings  of  the  Pythagorean  philosophers. 

In  the  year  1502,  a  work  was  published  at  Leipsic  for  the  use  of  the  students  of 
that  University,  under  the  title  of  "  Heptalogium  YirgiUi  SaltzbuigensiB,"  on  the 
propei'ties  of  tiie  number  seven.  The  book  is  divided  into  seven  parts,  and  each 
part  into  seven  chapters,  and  forms  a  collection  of  quaint  conceits  and  absurdities 
vwpecting  the  mystical  and  other  properties  of  the  number  seven. 

Bat  the  most  extraordinary  of  these  productions  is  the  work  of  Peter  Bnngus, 
pabUshed  in  1618,  under  the  title  of  **  Kumerorum  Mysteria."  The  work  is  written 
in  Latin,  and  contains  about  700  quarto  pages.  It  professes  to  illustrate  all  numbers 
«Dd  their  properties,  mathematical,  metaphysical,  and  theological,  embracing  all  the 
opinions  of  the  Pythagoreans  and  Platonists,  with  the  addition  of  speculations  on 
the  numbers  which  incidentally  occur  in  the  writings  of  the  Old  and  New  Testa- 


In  England,  the  same  propensity  to  treat  on  the  mysteries  of  numbers  and  the 
advantages  of  the  study,  has  been  exhibited  in  a  work  of  which  the  following  is  » 
copy  of  the  title-page  :  "The  Secrets  of  Numbers  according  to  Theological,  Arith- 
metical, Geometrical,  and  Harmonical  Computation.  Drawn,  for  the  better  part» 
out  of  those  Ancients,  as  well  as  Neoteriques.  Pleasing  to  read,  profitable  to  under- 
•tande,  opening  themselves  to  the  capacities  of  both  learned  and  unlearned ;  being 
no  other  than  a  key  to  lead  men  to  any  doctrinal  knowledge  whatsoever.  By  Williani 
fngpen,  Gent    London,  1624."  ^  „ 
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doctor  sought  to  make  it  intelligible,  '<  How  pleasant  and  useful  was 
the  knowledge  of  arithmetical  discipline ! " 

Gerbert  was  the  most  remarkable  man  of  his  age,  and  at  an  early 
period  was  devoted  to  the  doister,  where  he  was  brought  up  as 
a  monk.  He  left  his  home  to  undertake  a  student's  journey  into 
Spain.  On  his  return  he  became  a  pupil  in  the  convent  school 
of  Eheims.  Endowed  with  great  abilities  and  with  extensive  know- 
ledge, both  in  the  mathematical  sciences  as  well  as  in  classical 
learning,  and  being  of  an  ardent  character,  thirsting  for  know- 
ledge,  he  soon  found  himself  distingpiished  as  a  scholar  and  a 
teacher.  In  the  year  a.d.  980  he  was  appointed  Abbot  of  the  Monas- 
tery of  Bobbio  in  Lombardy ;  he  was  promoted  Bishop  of  Bheims^ 
next  of  Havenna,  and  at  length  closed  his  learned  and  useful  life  in 
A.D.  1003,  at  Home,  where  for  four  years,  he  filled  the  Papal  chair^ 
tmder  the  name  of  Sylvester  II.  Oerbert,  distingtiished  by  the  title  of 
''Beparator  Studiorum,"  reached  the  highest  eminence  that  was  pos- 
sible in  his  time.  He  had  entirely  made  his  own  the  learning  of 
his  time  in  its  widest  extent,  and  he  knew  how  to  employ  it  in  a 
manner  scarcely  known  in  that  age.  Oerbert's  knowledge  of  astronomy^ 
his  construction  of  the  globe,  and  his  sun-dials,  appeared  so  wonderful 
to  the  unlearned  and  superstitious  clergy  of  his  time,  that  it  was  reported 
of  him  after  his  death  that  he  had  made  a  compact  with  the  devil.^ 

Leonardo  Bonacci,  of  Pisa,  first  made  known  to  his  countrymen 
the  Hindu  Arithmetic  and  Algebra  from  the  Arabians.  A  manuscript 
of  his  treatise  bearing  the  title  of**  Liber  Abbaci  compositus  a  Leonardo 
filio  Bonaoci  Pisano  in  anno  1202,"  and  a  transcript  of  another  treatise 
entitled  ''  Leonardi  Pisani  de  filiis,  Bonacci  .  •  •  P^actica  Geometria, 
composita  anno  1220,"  were  discovered  in  the  Magliabecchian  Library 
at  Florence  by  Targioni  Tozzetti,  about  the  middle  of  the  eighteenth 
century.  In  the  preface  to  the  Liber  Abbad,  Leonardo  relates  that 
he  had  travelled  in  Egypt  and  other  coimtries.  In  his  youth  at  Bugia 
in  Barbary,  where  his  father  was  scribe  at  the  custom-house  for  the 
merchants  of  Pisa  who  resorted  thither,  he  there  learned  the  Indian 
Arithmetic.  He  describes  their  method  to  be  more  commodious  than 
the  methods  used  in  other  countries  which  he  had  visited.  He  there- 
fore prosecuted  the  study,  and,  with  some  additions  of  his  own  and 
some  things  taken  from  Euclid's  Elements,  he  composed  the  treatise 
which  he  named  Liber  Abbaci.     In  the  index  to  the  fifteenth  chapter 

^  The  student  is  referred  for  more  ample  information  on  the  early  histoiy  of 
arithmetic  and  algebra  to  the  learned  works  which  bear  the  following  titles : — 

Die  Algebra  der  Qriechen.  Nach  den  Qnellen  hearbeitet  von  Dr.  C.  H.  F. 
Neeselmann,   Privat-docenten  an  der  Univeraitat  zn  Konigsbeig.     Berlin,  1842. 

Zor  Geschichte  der  Mathematik,  in  Alterthnm  nnd  Mittelalter,  von  Dr.  Hermann 
Hankel,  WeiL  Old.  Fh>fe8aor  der  Hath,  an  der  Uniyersitat  zn  Ttfbingen.  Leipzig; 
1874. 
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of  his  work  lie  writes : — "  Incipit  Pars  Tertia  de  solutione  qnaxundam 
qnaestioniuu  secimdum  modum  Algebrse  et  Almucabalse,  scilicet  oppo- 
sitionis  et  restaurationis."  This  work  appears  to  contain  the  earliest 
notice  of  the  introduction  of  the  Hindu  Arithmetic  and  Algebra  into 
Italy.  Leonardo,  the  earliest  scholar  of  the  Arabian  algebraists, 
is  reported  by  Targioni  Tozzetti  to  have  employed  the  small  letters  of 
the  alphabet  to  denote  quantities.  But  it  would  appear  that  he  only 
did  so  because  he  represented  quantities  by  straight  lines,  and  de- 
signated these  lines  by  letters  in  the  elucidation  of  his  Algebraic 
Solution  of  Problems.  Leonardo  and  his  disciples  translated  the 
Arabic  word  ahai  by  the  Latin  res  and  the  Italian  *  co»a.  The 
Arabic  word  mal  was  rendered  by  the  Latin  aruus  and  the  Italian. 
eenso,  as  terms  of  the  same  import ;  for  it  was  in  the  acceptation  of 
amount  of  property  or  estate  (census,  quicquid  fortunanmi  quis  habet) 
that  census  was  used  by  Leonardo.  And  it  appears  that  the  name  of 
the  science  was  derived  from  the  first  and  second  powers  of  the  un- 
known quantity,  '' Ars  Eei  et  Census,"  and  sometimes  '^Begula  Eei 
et  Census,"  the  rule  of  the  thing  and  the  product,  or  the  rule  of  the 
root  and  the  square,  in  allusion  to  equations  of  the  second  degree. 

YiUani,  the  historian  of  Florence,  writes  of  Paoli  di  Dagomari,  who 
died  about  1350,  as  a  great  geometer  and  most  skilful  arithmetician, 
and  who  surpassed  both  the  ancients  and  the  modems  in  the  know- 
ledge of  equations,  which  at  that  time  constituted  the  most  advanced 
branch  of  the  science.  Also,  Kaffaelo  Caracci,  of  the  same  century, 
eomposed  a  work  entitled  ''  Eagionamento  di  Algebra,"  in  which  he 
writee  of  Guglielmo  di  Lunis,  who  had  translated  a  treatise  on  Algebra 
from  Arabic  into  Italian.  This  was  the  work  of  Mohammed  Ben 
Musa,  and  was  executed  not  long  after  the  introduction  of  that  science 
into  Italy  by  Leonardo  of  Pisa.  All  these  combine  to  show  that  the 
Italians  were  in  possession  of  the  knowledge  of  the  Arabic  numerals 
and  the  science  of  Algebra  long  befor^  the  rest  of  the  nations  of  Europe. 

Paciolus,  and  all  the  Italian  writers  on  arithmetic  and  algebra, 
declare  that  Leonardo  of  Pisa  was  the  first  who  introduced  the  know- 
ledge of  algorithm  and  algebra  to  his  countrymen.  Paciolus  appears 
to  have  taught  these  sciences  at  Venice  about  1460,  and  he  specially 
makes  mention  of  his  three  predecessors,  who  had  in  succession  filled 
the  office  expressly  dedicated  to  the  exposition  of  these  sciences. 
Their  names  were  Paolo  della  Pergola,  Demetrio  Bragadini,  and 
Antonio  Comaro,  the  last  of  whom  had  been  his  fellow-disciple. 

The  first  Italian  writer  on  the  science  of  Algebra  whose  treatise  was 
printed  in  Italy  was  Lucas  Paciolus,  or  Lucas  de  Burgo.  This  work 
was  published  in  1494,  with  the  title,  *  *  L' Arte  Mag^ore  ditta  dal  Yolgo 
la  Begola  de  la  Cosa  over  Alghebra  e  Almucabala."  He  adopted  ^e 
name  of ''  VArte  Mag^iore  "  to  distinguish  it  from  the  sdence  of  num- 
hetf  which  was  then  called  ''  VArU  Jiimre."    He  generally  employs 
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both  tbe  terms  Algebra  and  Almucahala,  and  from  the  former  word 
devised  the  adjective  Algebratico,  He  informs  his  readers  that  the 
science  is  named  Algebra  wa  Almueahala  in  the  Arabic  language,  and 
those  words  are  thus  explained  in  the  Boman  language:  *^ Algebra, 
id  est,  restauratio ;  Almueabala,  id  est,  oppositio  vol  eomparatio  et  eoli- 
datio^  These  two  words  being  only  the  names  of  two  preliminary 
operations  in  the  preparation  of  equations  for  solution. 

The  words  Algebra  and  Algorism  were  introduced  at  the  same 
time  into  Europe,  and  the  latter  term  was  always  applied  to  treatises 
on  Arithmetic  with  the  Indian  figures.  Algorism,  or  Algorithm,  was 
corrupted  into  Augrym,  and  the  counters  which  were  used  in  calcula- 
tion were  called  ''  augrym  stones,"  as  may  be  read  in  Chaucer's 
Miller's  Tale. 

After  the  appearance  in  print  of  the  works  of  Lucas  de  Burgo  on 
arithmetic  and  algebra,  the  knowledge  of  these  sciences  in  the 
following  century,  not  only  in  Italy,  but  also  in  other  countries  of 
Europe,  engaged  the  attention  of  learned  men,  who  promoted  the 
advancement  of  them  and  introduced  numerous  improvements. 

It  appears  from  the  treatises  of  the  first  Italian  writers  on  Algebra 
that  they  did  not  understand  how  to  turn  the  extension  of  the  science 
of  arithmetic  to  the  purposes  for  which  it  has  subsequently  been  found 
most  useful.  The  application  of  the  different  methods  of  reckoning  in 
common  life  appeared  to  them,  as  a  contrast  with  algebra,  an  entirely 
theoretic  knowledge.  They  appear  to  have  held  ideas  as  inadequate 
as  their  teachers  of  the  real  meaning  of  the  word  **  equation."  Neither 
they  nor  the  Arabians  knew  equality  to  be  any  other  than  two  or  more 
absolutely  positive  quantities,  and  the  Italians  follow  the  special  rules 
of  their  Arabian  teachers. 

As  it  has  been  very  aptly  described — ''  they  worked  with  an  instru- 
ment the  use  of  which  they  did  not  fully  comprehend,  and  employed  a 
language  which  expressed  mord  than  they  were  prepared  to  under- 
atand ;  a  language,  under  the  notion  first  of  negative,  and  then  of 
imaginary  quantities,  seemed  to  involve  such  mysteries  as  the  accuracy 
4d  mathematical  science  must  necessarily  refuse  to  admit." 

The  early  Italian  writers  on  Algebra  introduced  some  abbreviationB 
of  the  terms  they  learned  irom  their  Arabian  instructors.  They  em- 
ployed the  initial  letters  p  and  m  of  the  words  plue  and  minus  to  denote 
a  positive  and  a  negative  quantity,  and  used  C*  and  ^  for  the  first 
and  second  unknown  quantities.  They  also  adopted  the  characters 
C^,  Cf  C*,  to  denote  the  first,  second,  and  third  powers  respectively, 
and  denominated  the  biquadrate  and  the  higher  powers  as  relato 
primo,  seoondo,  tertio,  &c.  They  assumed  J2,  the  initial  letter  of 
radix,  to  denote  the  square  root. 

It  appears  that  the  Italian  mathematicians  adopted  the  same 
classification  of  cubic  equations  as  the  Arabic  writers ;  and  that  in  the 
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year  1505  Scipio  FerreOi  Professor  of  Matbemaiics  at  Bononia,  dis- 
covered a  solution  of  one  of  tliese  classes,  which  by  the  Arabic  writers 
was  termed  ''  cube  and  things  equal  to  numbers,"  and  in  modem 
notation  would  be  expressed  by  a^+ax  =  h.  The  like  solution  was 
also  effected  by  Lewis  Ferrari.  Scipio  Ferreo  made  known  his  dis- 
covery to  Florido,  one  of  his  pupils,  who  challenged  Tartaglia  to  solve 
the  question.  Tartaglia  effected  the  solution,  and  in  turn  proposed  to 
Feireo  two  other  cases  of  cubic  equations,  the  solutions  of  which  he 
himself  had  previously  discovered. 

Jerome  Cardan  was  a  physician  at  Bononia,  and  read  public  lec- 
tures on  the  mathematical  sciences.  In  the  year  1539  he  published  a 
work  on  Algebra  in  the  Latin  language,  entitled  ''  Ars  Magna,"  and 
in  1545,  to  this  work  he  published  an  addition  which  contained  the 
recent  discoveries  on  the  solution  of  cubic  equations,  all  of  which 
he  claimed  as  his  own,  except  two  cases  discovered  by  Lewis 
Fenaii 

Cardan's  great  work  begins  with  some  remarks  on  the  name  and 
terms  employed  in  the  science.  In  general  he  expresses  the  terms 
of  the  science  by  words  at  length,  designating  a  known  quantity  or 
number  by  the  word  numerus,  the  first  power  of  the  unknown  quantity 
by  res,  the  second  power  by  qtiadratum,  the  third  by  cuhum,  &c., 
employing  no  symbol  for  the  unknown  quantity.  He  uses  the  letters 
p  and  m  for  plus  and  tnintts,  and  i2,  the  initial  letter  of  radix,  to  indi- 
cate the  square  root.  He  sometimes  uses  for  res  the  words  positio  and 
fuantitas  tgnota. 

In  treating  of  squares  and  square  roots,  he  shows  that  all  square^ 
numbers  have  two  square  roots,  one  positive  {vera),  and  the  other - 
negative  {ficta).     He  adds  that  odd  powers  have  only  one  root,  vera^ 
or  positive,  but  none  ficta  or  negative,  because  a  negative  number 
raised  to  an  odd  power  can  never  produce  a  positive  number.     In- 
quadratic  equations  he  admits  both  positive  and  negative  {vera  et 
ficta)  roots,  whether  integral,  fractional,  or  surd,  but  does  not  allow 
such  quantities  as  involve  the  square  root  of  a  negative  quantity  to^- 
be  roots,  which  are  now  called  imaginary  or  impossible  roots. 

Also  he  considers  such  quadratic  equations  as  involve  the  fourth*' 
and  second  powers  of  the  unknown  quantity,  may  have  four,  two, 
or  no  roots  at  all :  as  ic^+ 12  =  e^r'  has  no  roots,  all  being  impossible  ^ 
a:*+3jc*  =  28  has  two  roots,    +2  and  -2,  the  other  two  being  im- 
possible; and a?*+12  =  7«*  has  four  roots,  +2,  -2,  +>/3,  — >/3. 

Among  the  numerous  improvements  of  the  science  contained  in  his 
works,  the  most  celebrated  is  the  method  of  solving  one  class  of  cubic 
equations  which  incorrectly  bears  his  name.  He  has  amply  exempli- 
fied the  methods  of  dealing  with  all  the  forms  of  cubic  equations. 
He  remarks  that  the  equation  a;'-|-6a:  =  20  has  only  one  root,  +2,  thei 
other  two  being  imaginary;  but  he  considers  4^  +  16  =  12j;  has  twQ 
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roots,  +2  and  —4;  of  the  third  root,  +2,  being  the  same  as  the  first, 
he  takes  no  account.  The  equation  .r^  =  2a:+21  has  only  one  negative 
root,  the  other  two  being  impossible,  or  iuTolving  the  square  root  of 
a  negative  quantity.  In  this  manner  he  shows  how  a  cubic  equation 
may  have  one,  two,  or  three  roots,  according  to  the  form  of  the  equa- 
tion and  the  relation  of  the  coefficients. 

He  exhibits,  by  numerous  examples,  how  a  cubic  equation  can  have 
only  one  root,  positive  or  negative.  This  constitutes  the  special  case 
which  bears  the  name  of  Cardan's  rule  for  the  solution  of  a  cubic 
equation.  In  modern  language  Cardan's  rule  is  applicable  in  all 
cases  where  one  root  is  positive  or  negative,  and  the  other  two  roots 
imaginary  or  impossible.  And  it  has  been  since  discovered  that 
Cardan's  rule  is  also  applicable  when  two  roots  of  a  cubic  equation 
are  equal.  He  was  not  ignorant  of  the  difficulty  of  that  case  which 
has  been  called  the  irreducible  case  of  cubic  equations,  but  failed 
to  discover  the  solution. 

In  the  twenty-ninth  chapter  he  has  given  the  method  of  Lewis 
Ferrari  for  the  solution  of  biquadratic  equations,  and  has  illustrated 
the  method  by  numerous  examples.  And  in  general,  it  maybe  added, 
he  has  dealt  with  the  transformation  of  equations  and  the  nature  of 
their  roots,  whether  integral,  surd,  or  imaginary. 

Nicolas  Tartaglia  was  bom  at  Brescia,  a.d.  1500,  and  at  the  capture 
of  that  city  by  the  French  in  1512  he  was  wounded  and  left  for  dead. 
By  his  mother's  care  he  recovered  from  his  wounds,  but  from  the 
effect  of  a  wound  on  his  lips  he  stammered  so  much  that  he  was  nick- 
named Tartaglia^  from  the  Italian  word  which  signifies  that  fault. 
In  1534  he  settled  in  Yenice  and  became  Professor  of  the  Mathematical 
Sciences,  an  office  which  he  retained  for  twenty-five  years. 

The  first  part  of  his  great  work,  entitled  '*  Trattato  di  Nimieri  e 
Misure,"  was  published  at  Venice  in  155.6,  and  the  second  part  in 
1560.  The  whole  work  consists  of  three  large  volumes.  The  first 
volume  contains  a  system  of  practical  and  mercantile  arithmetic ;  the 
other  two  volumes  treat  of  geometry,  mensuration,  speculative  arith- 
metic, and  algebra.  This  work  was  abridged  and  translated  into 
French  by  Guillaume  Gosselin  de  Caen  in  1578. 

Tartaglia  is  chiefly  celebrated  for  the  discovery  he  made  of  the 
solution  of  that  class  of  cubic  equations  which  is  commonly,  but  im- 
properly, attributed  to  Cardan.  He  communicated  his  discovery  to 
Cardan  under  the  promise  of  secrecy  with  an  oath,  which  Cardan  did 
not  keep,  but  published'  it  in  1545.     In  1546  Tartaglia  printed  at 

^  Tartaglia  wrote  to  Cardan  in  the  following  terms,  on  learning  the  latter  was 
about  to  publish  his  rules :  "  M.  Hieronime,  I  have  received  your  letter,  in  which 
you  write  that  you  understand  the  rule  for  the  case  a**  >Baa;+6,  when  \h^  is  greater 
than  ^V^*  ;  but  when  ^*  exceeds  ^*,  you  cannot  resolve  the  equation,  and  there- 
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Yenioe  "Quesiti  e  Inyenzioni  Diverse,"  and  dedicated  his  work  ta 
King  Henry  YJII.  of  England.  This  work  contains  his  correspond- 
ence with  Cardan,  and  gives  the  history  of  the  discovery  of  his  rules 
for  the  solution  of  cubic  equations. 

John  MuUer,  generally  called  Begiomontanus,  Joannes  de  Eegio 
Monte  (Konigsberg)y  in  his  work  ''De  Triangulis  Omnimodis  libri 
quinque,"  Norimberg,  1533,  writes,  in  reference  to  Cardinal  Nicolaus, 
of  Caaa,  "  Faucis  enim  admodum  artem  Algebree,  sive  rei  et  census 
satis  cognitam  scio, " 

A  treatise  on  Algebra  was  composed  in  Latin  by  a  native  of  Spain, 
with  the  title  of  '' ArithmeticeB  Praoticse  sen  Algorismi  Tractatus,  a 
Petro  Sanchez  Teruelo,  noviter  compilatus  ezplicatusque.  Impressus 
Parisiis  per  Thomam  Bees  in  Dome  Bubra  post  Carmelitas,  Anno 
Domini  1513." 

Another  treatise  was  published  in  1536  in  the  Spanish  language, 
bearing  the  title  of  "Tractado  subtilissimo  de  Arismetica  y-de 
Oeometria;  compuesto  y  ordenado  por  el  Beverendo  Padre  fray 
Juan  de  Ortega,  de  la  Orden  de  los  predicadores." 

An  original  treatise  on  arithmetic  and  algebra  entitled,  '^  Arithmetica 
Integra,"  was  first  put  forth  at  Nuremburg,  in  1544,  by  Michael  Stifel 
or  Stifelius,  with  an  Introduction^  by  Philip  Melancthon.    The  work  is 

fore  you  request  me  to  send  you  the  solation  of  the  equation  x*  '^9x-{-lQ.  To  which 
I  reply  that  you  haro  not  used  a  good  method  in  that  cose,  and  that  your  whole 
process  is  entirely  false.  As  to  resolving  you  the  equation  you  have  sent,  1  must 
say  that  I  am  very  sorry  that  I  have  already  given  you  so  much  as  I  have  done  ; 
for  1  have  been  iniformed  by  a  credible  }>erson  that  you  are  about  to  publish  another 
algebraical  work,  and  that  you  have  been  boasting  through  Milan  of  having  dis- 
<x)vered  some  new  rules  in  algebra.  But  take  notice,  that  if  you  break  your  faith 
with  me,  I  shall  certainly  keep  my  word  with  you ;  nay,  I  even  assure  you  to  do 
more  than  I  promised.'' 

^  Philippus  Melancthon  Lectori,  S. : — 

"  Non  mihi  si  linguae  centum  sint,  oraque  centum,  enumerare  possem,  quam  multis 
in  reboB  usos  sit  numerorum.  £t  ita  sunt  in  conspectu  atque  obvis  utilitates  non 
solum  numerorum,  sed  etiam  artis,  quse  longos  et  intricatas  rationes  mirabili 
^ezteritate  subducit  et  ezplicat,  ut  neminem  quamlibet  hebetem  esse  existimem, 
qui  non  et  numeros  miretur  et  de  arte  ipsa  pneclare  sentiat.  Quare  si  prolizum 
encomium  de  his  utilitatibus  institueiim,  pcrinde  facerem,  ut  si  accenderem, 
<luemadmodum  Grseci  dicunt,  ii^  if  fiftrn/xfipi^  AvxW''.  Sed  hominis  studiosi  est 
intelligere,  quas  utilitates  proprie  afferat  Arithmetica  his,  qui  solidam  et  perfectam 
•doctrinam  in  cieteris  philosophise  partibus  explicant.  Quod  enim  vulgo  dicunt, 
principium  esse  dimidium  totius,  id  vol  mszime  in  philosophi^B  partibus  conspicitur. 
Unns  est  aditus  ad  prsestantissimam  philosophise  partem  de  motibus  coelestibus, 
cognitio  arithmetices.  Et  hsec  tantam  vim  habe^  ut  mediocriter  exercitatus  in 
Arithmetica,  facile  cetera  perspiciat  et  assequatur.  Ita  plus  quam  dimidium  totius 
«ju8  philosophic  tenet  is,  qui  mediocriter  cognovit  Arithmeticen.  Hanc  tantam 
Qtilitatcm  pnediti  generosis  naturis  diligenter  considerent,  ut  et  exuscitent  animos 
ad  amorem  higns  artis,  et  pneparent  se  ad  percipiendas  cssteras  artes.  Quid  quod 
multum  etiam  in  physicis,  multum  in  historiis  utimur  hac  subtiliori  doctrina  do 


22 

divided  into  three  books.  The  first  book  treats  of  Arithmetic,  the 
second  expounds  the  tenth  book  of  Euclid^s  Elements,  and  the  third 
consists  of  a  treatise  on  Algebra,  which  he  describes  by  the  words^ 
**  De  numeris  cossicis."^  He  greatly  improved  and  extended  the  nota* 
tions  then  in  use,  and  was  the  first  tp  introduce  the  use  of  the  symbols 
+  and  — ,  plus  and  mintu,  to  indicate  the  operations  of  addition  and 
subtraction.^  These  symbols  do  not  appear  to  have  been  so  employed 
by  any  writer  before  him.  In  the  multiplication  and  division  of  two- 
quantities  he  shows  that  like  signs  give  +  for  the  product  and  the- 

numeris.  Deniqne  tiirpe  est  homini  versanti  in  Uteris,  negligere  hanc  artem,  q\x» 
est  fons  et  inchoatlo  ratiocinationis  universse,  quie  primnm  discernit  nnnm  et  multa, 
eaque  distriboit,  qua  luce  proprie  homines  distant  a  pecudibus.  Ideo  boni  et  docti 
viri  summa  vi  anniti  debent,  ut  in  scholas  revocent  hanc  doctrinam,  at  postqtuuxk 
ezplosa  est  ilia  diluta  et  loqnax  Sophistice,  qme  oppresserat  DIalecticam  et  Physicen^ 
nunc  veteris  et  purioris  philosophis  studia  iterum  accendantar.  Hibc  diligentia 
multis  modis  profatura  est  Reipublicee,  nam  simplici  et  pura  doctrlna  adsuefacte- 
mentes  rectius  judicant,  querunt  certa  in  doctriuis,  non  tencnt  mordicus  incerta. 
Magnum  et  hoc  bonum  est,  quod  hsec  ipsa  consuetudo  adfert  amorem  veritatis,  qui 
bones  viros  efficit,  et  diligenter  adsuefacit  animos  ad  moderationem  etiam  in  reliqiui 
vita.  Quid  est  autem  rebus  humanis  magis  salutare,  quam  eos  qui  propter  doctrinam. 
reipublica  prsficiuntur,  et  veritatis  amantes  esse,  et  moderatos !  Ita  bene  et 
prsBclare  merebuntur  scholse  de  genere  humano,  si  veram,  utilem,  puram  doctrinamr 
proponent  juventuti,  eamque  simul  ad  veritatis  amorem  et  ad  diligcntiam  ac  mode- 
rationem in  vita  instituant.  Proinde  laudandus  est  conatus  multorum,  qui  hoc- 
tempore  aut  Vetera  scripta  edunt  atque  illustrant  de  his  disciplinis  quae  fontes 
philosophise  continent,  aut  cudunt  nova.  Hoc  consilio  hoc  Arithmeticum  scriptum 
Michaelis  Stifelii  studiosse  juventuti  commendandum  esse  duxi,  quod  cum  ad 
exercitationem  proderit,  tum  vero  ad  causas  prasceptionum  qusereudas  plurimumr 
lucis  afferet.     Bene  vale,  Ynitebergse  Calendis  Januarii,  1543." 

^  It  is  a  singular  circumstance  that  the  Italian  name,  "Arte  della  cosa,"  was 
again  (not  by  Italian  writers)  turned  into  the  Latin  form  of  *'  Ars  Cossica  "  and  '*  Ars 
cosse  or  cossoe,'*  as  Gemma  Frisius  writes  "  per  Regulam  cosse  sive  Algebrie  ;"  and 
even  in  more  recent  times  may  be  read  on  the  title-page  of  a  work  published  at 
Frankfort  in  1818,  the  words,  "  Ars  cosse  promota,*'  and  on  the  title-page  of  another 
published  at  Stutgnrd  in  1815,  "de  functionibus  cosse  resolventibus  tractatio." 

*  In  the  eleventh  volume  of  the  Cambridge  Philosophical  Transactions  there  is  tat 
article  by  the  late  Professor  De  Morgan  on  the  early  history  of  the  signs  -|-  and  — . 
He  describes  a  work  on  Arithmetic  by  John  Widman,  of  Eger,  printed  at  Leipsic  in 
1489,  which  contains  the  earliest  instances  known  of  the  employment  of  these  signs. 
The  Professor  remarks :  "  I  observe  that  the  invention  of  signs  of  operation  did  not 
suggest  itself  to  the  arithmeticians  of  the  time.  It  will  be  said  that  -f  and  —  are 
here  to  dispute  my  assertion.  Put  these  out  of  sight  for  a  moment ;  the  question 
I  shall  raise  being,  whether  -f  and  —  did  not  come  to  the  arithmetician  fiatn  the 
toareJiouse,  There  is  another  case  which  shows  us  that  the  arithmetician's  own 
direeiive  symbols  never  became  signs  of  operation,  though  in  almost  universal  use 
for  a  century." 

And  he  further  remarks :  "  We  know  that  the  inventors  of  our  symbols  attached 
very  little  importance  to  them ;  and  would  have  stared  with  wonder  if  they  had 
been  told  that  these  trumpery  tricks  of  abbreviation  would  one  day  have  a  philosophy 
of  their  own,  and  would  make  inquirers- curious  about  their  origin.*' 
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quotient,  and  unlike  signs  — .     He  employs  tlie  character  s/  for  r^ 
the  initial  letter  of  radix^  to  denote  the  square  root. 

He  uses  no  symbol  to  denote  the  equality  of  two  expressions,  but 
employs  the  word  equatui  to  connect  them.  He  assumes  certain 
characters  to  denote  unknown  quantities,  which  he  explains  by  tho 
words,  "Est  enim  numerus  cossicus  nihil  aliud  quam  numerus  signo 
cossico  denominatus."  The  symbol  for  the  first  cossic  number  he  call9 
radix.  He  also  employs  the  letters  A,  B,  &c.,  in  the  same  manner  for 
different  unknown  quantities.  Several  of  his  problems  are  illustrated 
by  the  properties  of  geometrical  diagrams.  He  explains  a  method  of 
extracting  the  square  root  of  a  binomial  when  one  of  its  terms  is  a 
quadratic  surd,  and  makes  reference  to  the  fourth  proposition  of  the 
second  book  of  Euclid's  Elements. 

In  treating  of  quadratic  equations,  he  points  out  when  the  index 
of  the  imknown  quantity  in  one  term  is  double  of  that  in  the  other, 
the  equation  can  be  reduced  by  means  of  the  rule  for  quadratic  equa- 
tions. His  work  does  not  contain  any  reference  to  cubic  equations, 
probably  on  account  of  that  subject  having  been  treated  by  Cardan,, 
and  other  writers  of  the  time. 

He  denotes  the  powers  of  quantities  by  the  initial  letters  of  their 
names,  and  shows  that  they  form  a  geometrical  progression  beginniDg 
with  unity;  and  that  the  series  of  the  natural  numbers  (which  h& 
names  exponents),  beginning  with  zero,  will  indicate  in  order  the 
successive  powers  of  quantities.  He  also  remarks,  that  when  the 
geometrical  progression  is  continued  in  a  decreasing  series  less  than 
unity,  the  exponents  of  the  powers  will,  after  0,  become  negative 
numbers,  and  be  still  the  true  exponents  of  the  powers  which  are 
less  than  unity. 

He  exemplifies  in  the  following  two  series  the  relation  between  the 
order  of  the  natural  numbers  and  the  corresponding  terms  of  any 
series  of  numbers  in  geometrical  progression,  and  the  consequences 
arising  from  that  relation : 

-3-2-10123       4       5       6 
i        i         I     1     2     4     8     16     32     64. 
And  remarks,  whatever  series  of  numbers  a  geometrical  progressiim  prodwes^ 
by  multiplication  and  division,  a  similar  arithmetical  progression  makes 
by  addition  and  subtraction. 

It  may  be  noted  that  the  arithmetical  progression  is  formed  by  the 
addition  of  unity  to,  and  subtraction  from,  the  natural  numbers.  The 
following  are  his  first  three  examples : — 

As  \  multiplied  into  64  produces  8,  so  —  3  added  to  6  produces  3. 
But  —  3  is  the  exponent  of  -^,  as  6  is  the  exponent  of  64.  Then  3  is 
the  exponent  of  the  number  8. 

Next,  64  divided  by  -1^  gives  the  quotient  512,  so  —3  subtracted 
from  6  leaves  9.    Thus  9  is  the  exponent  of  the  number  512. 
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Thirdly,  ^  divided  by  64  gives  yj^  for  the  quotient,  and  6  sub- 
tracted from  —  3  leaves  —  9 ;  then  —  9  is  the  exponent  of  the  fraction 

These  relations  between  corresponding  powers  and  their  exponents 
constitute  the  fundamental  principle  of  the  system  which  in  the  next 
century  perfected  the  powers  of  numerical  calculation  by  its  combina* 
tion  with  the  descending  scale  of  the  denary  notation. 

It  may  here  be  remarked  that  the  conventions  introduced  by 
Stif  elius^  surpass  those  of  his  predecessors  and  contemporaries,  and  led 
the  way  to  further  extensions  in  the  symbolical  language  of  the  mathe- 
matical sciences.  Improvements  in  notation,  however  simple,  are  of 
the  highest  importance  in  the  history  of  mathematical  science.  Only 
those  who  know  its  history  can  appreciate  how  much  has  been  achieved 
by  the  improvement  of  symbolical  language.  The  notation  of  numbers 
gained  its  great  power  by  the  simple  expedient  of  a  character  which 
could  occupy  any  place  in  the  scale,  but  have  no  significant  value  by 
itself.  The  simple  device  of  employing  the  last  letters  of  the  alphabet 
to  denote  the  objects  of  search  before  they  were  determined,  and  the 
first  letters  of  the  alphabet  to  designate  such  as  were  known,  effectively 
distiDg^ished  the  data  from  the  quoesita  in  every  problem  in  which 
these  notations  are  employed.  And  further,  numbers,  both  abstract 
and  concrete,  known  or  unknown,  can  be  denoted  by  symbols  of 
general  number,  so  as  to  express  any  definite  operation  performed 
with  indefinite  nimibers. 

Mr.  Babbage'  has  judiciously  remarked  on  this  subject: — ''The 
invention  of  what  we  m9,y  call  primary  or  fundamental  notation  has 
been  but  little  indebted  to  analogy,  evidently  owing  to  the  small 
extent  of  ideas  in  which  comparison  can  be  made  useful.  But  at  the 
same  time  analogy  should  be  attended  to,  were  it  for  no  other  reason 
than  that,  by  making  the  invention  of  notation  an  art,  the  exertion  of 
individual  caprice  ceases  to  be  allowable.  Nothing  is  more  easy  than 
the  invention  of  notation,  and  nothing  of  worse  example  and  conse- 
quence,than  the  confusion  of  mathematical  expressions  by  unknown 


^  The  following  are  the  words  in  which  Michael  Stifelina  concludes  his  excellent 
work  on  the  second  page  of  fol.  805  : — 

'*  Existimo  ergo  me  per  ista  omnia  satis  demonstrasse,  qnam  solida  sit  ratio  meo, 
qua  pro  octo  regulis  Algebne  nnam  posnerim  simplicem  atqae  facilem. 

"  Tn  antem  Domine  Jesu  Christe,  Fili  Dei  vivi,  Dens  noster,  mortuorom  Besos- 
citator,  et  Judex  futuri  sieculi,  largire  nobis  supplicibus  tuis,  ut  h»  spiu»  non 
suiTocent  in  nobis  scientiam  Tui,  sed  Te  toto  affectu  diligamus,  quod  dolores  nostros 
tuleris,  et  languores  nostros  portaveris,  propter  iniquitates  nostras  vulneratus  sis,  et 
attritus  sis  propter  scelera  nostra.  Nunc  discipUna  pacis  noetre  super  te,  quod 
livore  tuo  sanati  sumus.  Sit  igitur  vilis  omuis  scientia,  huic  divintB  sdentifle  tuie 
comparata,  et  favor  hominum  nausea  sit,  ad  dirinam  beneficeutiam  tuam  compaiatus. 
Amen." 

*  Encyelup.  Metropol.,  ii,  p.  838. 
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symbolfi.  If  new  notation  be  advisable,  eitber  permanently  or  tem- 
porarily, it  sbould  cany  with  it  some  mark  of  distinction  from  that 
which  is  already  in  use,  unless  it  be  a  demonstrable  extension  of  the 
latter." 

John  Scheubeli  or  Scheubelius,  Professor  of  Mathematics  at  the 
University  of  Tubingen,  printed  a  treatise  at  Paris,  in  1552,  entitled, 
**  AlgebrsB  Gompendiosa  facilisque  descriptio,  qua  depromuntur  magna 
Arithmetices  miracula."  He  has  chiefly  followed  Stifel  in  the  method 
of  his  work.  In  his  chapter  on  surds  he  observes  that  the  different 
kinds  of  binomial  surds  may  be  referred  to  the  irrational  lines  treated 
of  in  the  tenth  book  of  Euclid's  Elements.  He  gives  the  same  rule 
as  Stifel  for  extracting  the  square  root  of  a  binomial  surd  when  the 
process  is  possible,  and  illustrates  his  rule  by  numerous  examples. 

Kobert  Becorde,  M.D.,  composed  the  first  treatise  on  Algebra 
which  was  published  in  the  English  language. 

The  first  part  of  his  treatise  was  entitled,  **  The  Grounde  of  Arts, 
teaching  the  perfect  worke  and  practice  of  Arithmeticke,  both  in  whole 
numbers  and  fractions."  This  work  was  first  printed  in  1552,  and 
it  passed  through  many  editions. 

The  second  part  of  his  treatise  was  entitled,  "  The  Whetstone  of 
Witte,^  containing  the  extraction  of  rootes,  the  Cossike  practice  with 
the  rules  of  equation ;  and  the  workes  of  surde  nombers." 

This  work  is  drawn  up  in  the  form  of  a  dialogue  between  the 
teacher  and  the  learner,  and  was  first  published  at  London  in  1557. 

It  treats  of  the  properties  of  numbers  and  the  extraction  of  the 
square  and  cube  roots  of  numbers,  and  of  the  roots  of  compound 
algebraical  expressions.  It  treats  of  algebra,  or  cossic  numbers,  as  he 
eaUs  them,  and  employs  the  notations  of  Stifelius,  and  gives  a  full 
account  of  the  arithmetic  of  surd  numbers.  The  terms  binomial  and 
residual  were  first  employed  by  him.  His  work  also  contains  rules 
for  the  solution  of  simple  and  quadratic  equations,  with  numerous 
examples.  In  this  work  Sobert  Becorde  first  introduced  the  sign  of 
equality.  ''  In  the  rule  of  equation,"  he  quaintly  remarks,  *'  and  to 
avoide  the  tediouse  repetition  of  these  wordes — *  is  equal  to ' — I  will 
set,  as  I  doe  often  in  worke  use,  a  paire  of  paralleles,  or  gemowe  lines 
of  one  length,  thus  = ,  bicause  noe  two  thinges  can  be  more  equalle." 
Napier  adopted  this  sigpi,  and  defined  it  in  these  words :  **  Betwixt  the 
parts  of  an  equation  that  are  equal  to  each  other,  a  double  line  is 
interposed,  which  is  the  sigpi  of  equation."  But  Mr.  Babbage,  in  one 
of  his  papers  on  notation,  observes:  ^'It  is  a  curious  circumstance, 

1  The  late  Profeeeor  Be  Morgan  has  remarked  :  "  It  is  rarely  remembered  that 
the  old  name  of  Algebra,  '  The  Cossic  Art '  (from  casa,  thing),  gave  the  first  English 
work  on  Algebra  its  panning  title,  *The  Whetstone  of  Witte,'  'Cos  Ingenii,'  by 
snbrtitatiDg  the  Latin  word  cob  for  the  Italian  word  casa,** 
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tliat  the  symbol  which  now  represents  equality  was  first  nsed  to 
denote  subtraction,  in  which  sense  it  was  applied  by  Albert  Girard, 
and  that  a  word  signifying  equality  was  always  used  instead  until  the 
time  of  Harriot."  This  sentence  overlooks  the  claim  of  Kobert  Hecorde. 

In  the  year  1558  was  published  at  Paris  a  work  by  Jacques  Pelletier^ 
entitled,  ''De  Occulta  parte  numerorum  quam  Algebram  vocant,  libri 
duo."  This  book  contains  several  useful  improvements,  among  which 
may  be  noted,  that  he  showed  that  any  rational  root  of  an  equation  is ' 
one  of  the  factors  of  the  last  term,  when  the  equation  is  arranged 
according  to  the  descending  powers  of  the  unknown  quantity.  He 
explained  the  method  of  reducing  binomial  and  trinomial  surds  to 
their  most  simple  forms,  and  exhibited  some  curious  properties  of 
square  and  cube  numbers.  He  has  remarked,  ''that  the  sum  of  any 
number  of  the  cubes  taken  from  the  beginning,  always  makes  a  square 
number,  the  root  of  which  is  tho  sum  of  the  roots  of  the  cubes." 

Oronteus  Fineus  was  the  predecessor  of  Peter  Hamus  as  Professor 
of  Mathematics  at  Paris.  He  composed  a  work,  ''De  Arithmetica 
Practica,"  in  four  books ;  a  second  edition  of  which  was  published  in 
1555.  The  geometry  was  translated  by  William  Bedwell  into  £Dg- 
lish,  and  published  in  a  quarto  volume  at  London,  163G. 

Peter  Hamus  was  born  in  the  year  1515,  and  became  one  of  the  most 
distinguished  scholars  of  his  age.  He  was  brought  up  a  Boman 
Catholic,  but  the  idolatry  and  superstition  of  the  Bomish  Church 
induced  him  to  unite  himself  .with  the  Beformed  Church  in  Franco, 
and  he  became  afterwards  a  constant  object  of  persecution,  especially 
by  the  doctors  of  the  Sorbonno.  He  was  obliged  to  take  refuge  in 
Germany  during  the  persecution  of  the  Protestants  in  France,  and  on 
his  return  to  Paris,  being  a  Protestant,  he  ended  his  life  as  one  of  the 
victims  at  the  massacre  of  St.  Bartholomew  in  1572.  Hamus  is 
reported  to  have  concealed  himself  in  a  granary;  but  when  dis- 
covered, he  was  dragged  out  by  some  doctors,  who  took  his  money 
from  him  with  the  pretence  of  saving  his  life.  Having  secured  this, 
they  gave  him  over  to  the  assassins,  who,  after  cutting  his  throat  and 
mangling  his  body,  flimg  it  out  of  a  window,  and  his  bowels  gushed 
out  in  the  fall.  Some  scholars,  encouraged  by  their  masters,  dragged 
his  mutilated  corpse  in  a  most  ignominious  manner  through  the 
streets,  and  threw  it  into  the  Seine. 

Peter  Bamus  was  a  man  of  extensive  learning  and  an  able  orator. 
He  wrote  on  grammar,  rhetoric,  and  logic ;  but  his  chief  works  are 
his  writings  on  mathematics.  The  first  edition  of  his  Arithmetic 
appeared  as  a  quarto  volume,  with  the  title,  ''  P.  Bami  Eloquentise  et 
Philosophise  Professoris  Begii,  Arithmeticse  Libri  tres.  Parisiis 
Anno  Salutis,  1555.     Cum  privilegio  Begis."  ^ 

^  In  p.  107  of  the  first  edition  of  his  Arithmetic  ia  given  the  following  example 
of  the  cnbe  root :— ''  Si  propositos  numeniB  cubuB  non  est,  nullum  est  venun  latus  i 
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In  the  year  1569  appeared  '*  P.  Eami  Soholarum  Mathematicarum^ 
libri  unus  et  triginta,''  and  in  the  same  year  his  *' Arithmeticsd  librl 
duo:  Oeoxnetrisd  septem  et  yiginti,"  and  another  edition  was  pub- 
lished in  the  year  1580.  In  his  method  of  extracting  the  square  root 
and  the  cube  root  of  numbers  which  are  not  perfect  square  and  cubic 
numbers,  he  directed  to  annex  periods  of  ciphers  to  the  given  number 
wboee  root  was  required,  two  in  each  period  for  the  square  root,  and 
three  in  each  for  the  cube  root.  The  extraction  can  then  be  continued 
and  an  approximation  to  the  true  value  of  the  root  determined  to  any 
degree  of  accuracy  required. 

Pedro  Nunez,  or  Nonius,  was  an  eminent  physician,  and  Professor 
of  Mathematics  in  the  University  of  Coimbra,  in  Portugal.  His 
chief  work  was  a  treatise  on  Algebra,  which  he  composed  in  Portu- 
gese, but  afterwards  translated  into  the  Castilian  language.  It  was 
published  at  Lisbon  in  1564,  wit^  the  title,  ''  Libro  de  Algebra  y 
Arithmetica  y  Geometrica." 

A  treatise  in  Italian  on  Arithmetic  was  published  under  the  title  of 
^'Le  Pratische  delle  due  Prime  Mathematiche  di  Pietro  Cataneo 
fiienese.    In  Yenetia,  1567." 

Baphael  Bombelli,  of  Bologna,  published  in  the  Italian  language 
a  treatise  on  Algebra  in  1579,  the  dedication  of  which,  however,  bears 
the  date  of  1572.  His  work  contains  some  notices  of  the  history  of 
the  science,  and  he  follows  the  methods  of  preceding  writers.     In  his 


cnbi  tamen  in  eo  mazimi  yerum  latus  end  potest :  at  in  17616,  cubns  coutinetar 
17576,  et  latos  ejus  est  26,  et  supersnnt  40. 

*'  8i  voles  tamen  totius  nnmeri  17616  exqtdrere  latus  vero  propinquum,  poteris  per 
dates  partes,  at  in  quadratis  :  prima  multiplicatio  sit  nominis  et  cubica :  secunda 
sit  prodncti  per  propoeitam :  nam  latus  secnndi  producti,  numerator,  etiam  erit 
datamm  partium,  at  numerus  17616,  prster  cubum  17576,  habet  40,  qua  latere  26 
retexto  relinquuntur.  Si  qnsras  igitur  de  toto  numero  17616,  quot  centesimas 
habeat  ejus  latus  prseter  26  integra,  multiplica  100  in  se  cubice,  fient  1000000  :  quKS 
multiplicata  17616,  fient  17616000000,  quorum  latus  cubicum  est  2601  pro  nnmera- 
tore  dataram  centesimarum,  sic  ^^f^  et  supersunt  19712199,  qu»  ne  centesimam 
^nidem  integri  faciont,  ideoqae  despiciautur." 

This  pasage  of  Bamus  is  found  in  the  work  of  L.  Schonerus,  ''De  Numcris 
QeometriciB^"  which  was  translated  into  English  by  T.  Bedwell  in  1614.  In  p.  70 
it  may  be  read  in  these  words: — "As,  for  example,  the  same  number  17616,  re- 
duced   unto   one   hundred   cubicall   parts,    that   is   unto   1,000,000,    do   make 

17,616,000,000,  for  the  numerator.    The  parts  then  are  thus  ^^^^§^-    Now  the 

side  of  the  numerator  is  2,601,  for  the  numerator  of  the  one  hundred  parts  given 
(for  the  former  denominator  being  made  by  the  multiplication  of  100,  by  itself 
•cabically ;  the  roote  or  side  of  it  must  needs  be  100,  for  the  denominator  of  the  parts 
aought).  Therefore  the  parts  desired  are  4^^  that  is,  by  reduction,  26^^,  and 
besides  that,  there  do  remaine  19,712,199,  which  cannot  adde  so  much  as  t^  part 
iinto  the  tide  found;  becanse  that  the  difference  of  this  cnbicke  from  the  next 
greater  above  it,  is  greater  than  tlus  remaine :  and  therefore  thAt  remaine  is 
jMglected  as  not  of  any  moment." 
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treatment  of  quadratic  equations  lie  admits  only  positive  roots,  and  on 
equations  of  the  form  ax^-^-c^hx,  he  remarks  that  the  nature  of  the 
question  will  determine  which  of  the  two  roots  is  the  root  required. 

In  cubic  equations  he  follows  the  methods  of  Cardan.  One  of  the 
most  important  improvements  consists  in  his  method  of  fbiding  the 
cube  roots  of  binomial  surds  which  involve  imaginary  quantities.  He 
shows  that  the  cube  root  of  2  +  v^(— 121)  is  2+  /s/(  —  1).  He  also  shows 
that  an  angle  can  be  trisected  by  means  of  the  solution  of  a  cubic 
equation.  In  the  discussion  of  equations  of  the  fourth  degree  he 
follows  the  methods  of  Lewis  Ferrari. 

Gosselin's  work  on  this  science,  published  in  1577,  bears  the  title 
of  ''  De  Arte  Magna  seu  de  Occulta  parte  numerorum  quae  et  Algebra 
et  Almucabala  vulgo  dicitur."  This  work  will  be  found  among  the 
latest  in  which  the  word  Almucabala  is  employed  in  the  name  of  the 
science. 

Francis  Yieta  was  bom  in  the  year  1540  at  Fontenai,  and  died  in 
1603.  He  became  an  eminent  mathematician,  and  his  writings 
exhibit  numerous  improvements,  especially  in  Algebra,  which  he 
designated  by  the  title  of  ''  Arithmetica  Speciosa,"  as  distinguished 
from  ordinary  arithmetic,  which  he  named  ^'Arithmetica  Numerosa.'^ 
Ho  published  his  treatise  on  Trigonometry  at  Paris  in  1579,  in  which 
he  showed  that  if  the  diameter  of  a  circle  be  10000 ,  the  peri- 
meters of  the  inscribed  and  circumscribed  polygons  of  393216  sides  are 

31415926535  ....  and  31415926537 respectively,  and  that 

therefore  the  measure  of  the  circumference  of  the  circles  lies  between 
these  two  numbers. 

The  mathematical  works  of  Yieta  were  collected  by  Francis 
Schooten,  and  published  in  a  folio  volume  at  Leyden  in  1646.  His 
works  on  different  branches  of  the  mathematical  sciences  are  divided 
into  fifteen  parts,  of  which  the  first  five  are  devoted  to  subjects  of 
Algebra.  He  introduced  various  improvements  into  the  science,  both 
in  i|»  language  and  notation.  He  first  used  the  words  affirmative  and 
negative,  pure  and  adfeeted,  and  the  term  coefficient.  Letters  had  been 
used  by  other  writers  before  the  time  of  Yieta  to  denote  unknown 
quantities,  but  he  employed  capital  letters,  the  voweh  to  denote 
unknown,  and  the  consonants  known  quantities.  He  connected  by  the 
symbols  +  or  —  the  quantities  which  were  to  be  added  or  subtracted,, 
always  placing  the  greater  before  the  less ;  and  when  it  was  not  known 
which  was  the  greater,  he  placed  the  symbol  =  between  them  to 
denote  their  difference.  He  had  no  symbol  to  denote  multiplication,, 
but  expressed  the  operation  in  words ;  and  the  successive  powers  of  a 
binomial  he  expressed  partly  by  'symbols,  and  partly  by  words  at 
length.^    He  denoted  division  by  placing  the  dividend  above  the 

^  The  following  exhibits  his  method  of  fonning  the  seoondy  third,  fourth,  and 
fifth  powers  of  a  binomial : — 
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divisor,  like  the  numerator  and  denominator  of  a  fraction.  He  used 
no  sign  for  equality.  The  third  part  of  his  work  consists  of  five 
books  of  questions,  chiefly  taken  from  the  Arithmetics  of  Diophantus. 
In  them  he  gives  rules  for  the  solution  of  quadratic  and  cubic  equa- 
tions. And  here  for  the  first  time  is  employed  a  line  drawn  over 
two  or  more  letters  connected  by  the  symbols  +  or  — ,  to  indicate 
that  the  aggregate  of  the  terms  is  to  be  considered  as  one  quantity 
with  respect  to  any  operations  to  which  it  may  be  subject  with  other 
quantities. 

Yieta  also  made  various  other  improvements  in  equations*  He 
showed  how  to  construct  cubic  and  biquadratic  equations  from  quad- 
ratios.  He  pointed  out  the  relation  between  the  roots  and  the  coeffi- 
cients of  the  terms  of  a  complete  equation,  when  the  terms  were 
alternately  positive  and  negative,  or  all  the  roots  positive ;  and  showed 
how  to  increase  or  diminish  the  roots  of  given  equations  without 
knowing  the  values  of  the  roots  themselves.  He  also  exhibited  the 
roots  of  equations  by  means  of  angular  sections.  In  his  various 
improvements  he  does  not  appear  to  have  appreciated  the  ideas  of 
Cardan  respecting  negative  roots,  nor  the  important  principle  of 
exponents  by  which  integers  were  employed  to  denote  the  powers, 
and  fractions  the  roots  of  quantities. 

Si  faerint  dao  latera,  quadratum  lateris  primi,  plus  piano  a  duplo  latere  primo 
in  latos  secnndi,  plus  quadrato  lateris  seciindi,  aequatur  quadrato  adgregati  laterum. 

Bit  latns  nnum  A,  alteram  B ;  Dico  A  qnadratum  -^A  in  ^  2,  -^B  quadrato, 
aeqnari  A  -{-S  qoadrato.    £x  opere  moltiplicationis  A+B  hy  A  +B. 

Si  faerint  duo  latera  :  cabua  lateris  primi,  plus  solido  a  qoadrato  lateris  primi 
in  latns  secundum  triplum,  plus  solido  a  latere  primo  in  lateris  secundi  quadratum 
triplnm,  plus  cubo  lateris  secundi,  »quator  cubo  adgregati  lateram. 

Sit  latus  unum  A,  alteram  B;  Dico  A  cubum,  -\-A  quadrato  in  B  3,  -i-A  in  B 
qnadnttmn  3,  +B  cubo,  SBquari  A+B  cubo.  Ex  opere  multiplicationis  A  quadrati 
-{•A  in  B2,  +B  quadrato,  per  A-\-B. 

Si  faerint  duo  latera :  quadrato-qoadratur.!  lateris  primi,  plus  cubo  lateris  primi 
in  latoB  secundum  quadraplum,  plus  quadrato  lateris  primi  in  lateris  secundi 
qoadratum  seztuplum,  plus  latere  primo  in  lateris  secundi  cubum  quadraplum,  plus 
qoadrato-quadrato  lateris  secundi,  squatur  quadrato  quadrato  adgregati  laterum. 

Sit  latus  unum  A,  alteram  B:  Dico  A  quad.-quadratum,  ^A  cubo  in  ^  4, 
-{•A  quadrato  in  B  quadratum  6,  -^A  in  B  oubimi  4,  -^B  quad. -quadrato,  sequai-i 
A-^-B  quad. -quadrato.  Ex  opere  multiplicatioms  A  cubi,  -{-A  quadrato  in  J? 3, 
+A  in  B  quadratum  3,  '\-B  cubo,  per  A+B. 

Si  luerint  duo  latero:  Quadrato-cubus  lateris  primi,  plus  qoadrato-quadrato 
lateris  primi  in  latus  secundum  quintuplum,  plus  cubo  lateris  primi  in  lateris 
aecondi  qnadratum  decuplum,  plus  quadrato  lateris  primi  in  lateris  secundi  cubum 
decoplnm,  plus  latere  primo  in  lateris  secundi  quadrato-quadratum  quintuplum,  plus 
lateris  secundi  quadrato-cubo,  sequatur  quadrato-cubo  adgregati  lateram. 

Sit  latos  unum  A,  alteram  B:  Dico  A  qoadrato-cubum,  -^A  quad. -quadrato  in 
J?  5,  -^-A  cubo  in  B  qnadratum  10,  -{-A  quadrato  in  B  cuboni  10,  -\-A  in  B  quad.- 
qoadratom  5,  -f  ^  quadrato-cobo,  aoqaari  A+B  qoadrato  cobo.  £z  opere  moltipli- 
cationis A  qoadrato-qoadrati,  '+A  cubo  in  jB4,  +A  quad,  in  B  qoadratam  6, 
•\-A  in  B  cobom  4,  +B  qoadrato-qoadrato,  per  A+B, 
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Christoplier  Clavius  was  the  first  Oerxnan  who  composed  a  treatise 
7)n  numbers.  His  Epitome  Arithmeticae  Practiced  was  written  in 
Latin,  and  published  at  Rome  in  1583. 

Simon  StcTin,  of  Bruges,  first  published  his  work  on  Arithmetic 
and  Algebra  in  Flemish.  It  was  afterwards  translated  into  French 
and  published  in  1584.  The  whole  works  of  Stevin  were  some  time 
after  collected  and  edited  by  Albert  Girard,  and  were  published  in 
French  at  Lejden  in  1634,  the  year  after  his  death.  They  constitute 
a  large  foUo  volume,  and  include  a  translation  in  French  of  the 
Arithmetics  of  Diophantus,  with  the  solutions  exhibited  in  the  new 
notation  Stevin  had  devised.  Several  improvements  of  importance 
are  exhibited  in  this  work.  He  employed  the  signs  +  and  —  as  his 
j)redecessors,  but  used  a  colon  to  denote  equality,  and  placed  the  sign 
X  between  two  fractions  when  the  first  was  to  be  divided  by  the 
second,  as  f  x  ^ :  \l^  denoted  that  §  divided  by  f  is  equal  to  If  (p.  23, 
fol.  ed.). 

He  extended  the  meaning  of  coefficients  to  include  fractions,  surd 
numbers,  and  imaginary  quantities.  In  approximating  to  the  square 
TOot  and  the  cube  root  of  niunbers  which  are  not  complete  powers,  he 
either  continued  the  extraction  by  annexing  periods  of  ciphers  for 
obtaining  any  required  number  of  decimals ;  or  he  employed  a  method 
of  approximation  in  which  he  used  the  nearest  exact  root  of  the  given 
number  whose  root  was  required.  He  gave  new  names  to  the  suc- 
cessive powers  of  quantities,  not  using  the  terms  borrowed  £rom 
geometry,  square  and  euhe,  and  expressions  compounded  of  these  words, 
but  simply  using  the  natural  numbers  in  order,  1,  2,  3,  &c.,  and 
<!alling  them  the  first,  second,  third,  &c.,  powers. 

He  devised  a  new  notation  both  for  the  unknown  quantify  and  its 
successive  powers,  by  writing  the  numbers  1,  2,  3,  &c.,  in  small 
circles  to  denote  the  first,  second,  third,  &c.,  powers  of  the  unknown 
quantity  in  equations:  and  unity  he  denoted  by  zero  in  the  small 
•circle.  He  also  extended  the  use  of  exponents,  and  employed  the 
fractions  ^,  i,  ^,  Ac.,  placed  in  small  circles,  to  denote  the  square  root, 
the  cube  root,  the  biquadrate  root,  &c.,  of  the  unknown  quantity. 

This  extension  of  exponents  to  denote  successive  roots,  is  perfectly 
consistent  with  the  assumption  of  the  integers  1,  2,  3,  4,  &c.,  to  denote 
successive  powers,  as  it  is  obvious  that  whatever  operation  might  be 
assumed  to  be  denoted  by  2  or  f ,  the  inverse  operation  could  be,  by  a 
consistent  analogy,  properly  denoted  by  ^. 

He  also  showed  how  to  form  the  successive  terms  of  the  powers  of 
an  expanded  binomial  by  arranging  in  order  imder  each  other  the 
coefficients  (omitting  the  first  and  last,  which  are  always  unity)  of  the 
aecond,  third,  fourth,  &c.,  powers. 

In  the  year  1629,  Albert  Girard,  an  eminent  Flemish  mathe- 
matician, printed  at  Amsterdam  a  treatise  with  the  title  of  "In- 
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Tention  Nouvelle  en  I'Algebre,  tant  pour  la  solution  des  equations,, 
que  pour  recognoistre  le  nombre  des  solutions  qu'elles  re^oivent, 
arec  plttsieurs  choses  qui  sent  necessaires  a  la  perfection  de  ceste 
diiine  science.'*  In  this  treatise  he  followed,  in  general,  the  no- 
tations and  methods  of  his  predecessors,  and  employed  several  new 
symbols,  most  of  which  hare  not  been  admitted  into  the  science. 
He  first  employed  a  parenthesis  to  include  two  or  more  quantities^ 
connected  by  the  signs  +  and  — ,  when  considered  as  one  quantify ; 
as,  for  instance,  (a^h)-^{e+d)  denotes  that  the  sum  of  c  and 
1^  is  to  be  subtracted  from  the  difference  of  a  and  h.  A  straight 
line  placed  over  the  quantities  had  before  been  employed  by  Yieta 
in  the  same  sense,  aaa~h  —  e+d.  He  described  negative  quantities 
as  less  than  zero  or  nothing — ^an  inaccurate  expression — as  every 
finite  quantity  retains  its  value  assumed  or  determined  under  given 
circumstances;  and  if  it  be  negative,  it  implies  that  it  is  of  a. 
contrary  nature  in  some  way  to  what  it  would  have  been  if  posi- 
tive.  He  made  several  useful  improvements  and  discoveries,  th» 
principal  of  which  related  to  equations.  He  appears  to  have  been 
the  first  who  clearly  understood  the  relations  between  the  roots  and 
coefficients  of  the  terms  of  an  equation,  and  that  every  equation  had 
as  many  roots,  real  or  imaginary,  as  the  number  of  units  in  the  index  of 
the  highest  power  of  the  unknown  quantity.  He  also  showed  how  to 
find  the  sums  of  the  first,  second,  third,  &c.,  powers  of  the  roots  of  an 
equation  in  terms  of  the  coefficients.  To  him  also  belongs  the  merit 
of  having  first  solved  the  irreducible  case  of  cubic  equations  by  means 
of  a  table  of  sines.  He  also  explained  the  geometrical  meaning  of 
tiie  negative  roots  of  an  equation,  by  showing  that  they  represented 
lines  of  th^  same  magnitude,  but  drawn  in  a  contrary  direction  to 
those  which  represented  the  positive  roots. 

The  valuable  papers  on  Algebraic  Equations,  left  by  Thomas- 
Harriot,  were  not  published  until  the  year  1681,  ten  years  after  his 
death.  They  were  edited  by  his  friend  Walter  Warner,  and  printed 
in  a  folio  volume,  with  the  title,  "  Ars  Analyticsa  Praxis,  ad  Equa- 
tiones  Algebraicas  nova,  expedita,  et  generali  methodo,  resolvendas : 
Tractatus  e  posthumis  Thomse  Harrioti  Fhilosophi  ac  Mathematici 
celeberrimi  Schediasmatis  summa  fide  et  diligentia  descriptus.'^ 
Harriot  adopted  the  sign  =  from  Bobert  Hecorde  to  denote  equality, 
and  first  devised  and  used  the  sign  >  to  denote  ''  is  greater  than,'* 
and  <  ''  is  less  than,''  as  is  explained  in  the  tenth  page  of  his  work. 
He  also  first  introduced  the  use  of  the  small  letters  of  the  alphabet, 
employing  the  vowels  to  denote  unknown^  and  the  consonants  known 
quantities.  He  represented  a  product  of  two  or  more  quantities  by 
writing  the  letters  together  as  a  word,  prefixing  the  coefficient  before 
them  separated  by  a  point. 

Harriot  was  the  first  who  thought  of  arranging  all  the  terms  of  iu» 
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equation  on  one  side,  making  the  aggregate  equal  to  zero,  and  showed 
how  equations  of  all  degrees  with  given  roots  may  be  formed  by  the 
multiplication  of  simple  equations,  or  equations  of  the  first  degree.  If 
the  values  of  the  unknown  quantity  a  be  b,  c^  d^  /,  &c.,  so  that  a  =  i, 
H-c,a-d,a  =/,  &c. ;  whence  it  follows  that  a—h  —  o^  a^e-o,  a—  d-Oy 
n^f-  Oy  &c. ;  and  the  product  of  two  of  these  simple  equations  gives  a> 
<  quadratic  equation,  three  a  cubic,  four  a  biquadratic,  &c.|  with  aU 
the  terms  on  one  side  made  equal  to  zero.  From  this  it  is  obvious,  on 
inspection,  what  relations  subsist  between  the  roots  and  the  coefficients 
of  any  equation. 

Since  in  every  equation  so  arranged,  the  coefficient  of  the  second 
term  is  always  equal  to  the  sum  of  the  roots  with  contrary  signs ;  this 
property  can  be  employed  for  increasing  or  diminishing  the  roots  by 
any  given  quantity,  which  may  be  so  assumed  that  the  second  term 
shall  disappear  from  the  equation. 

He  also  shows  that  a  cubic  equation  may  be  formed  with  a  simple 
and  a  quadratic  equation ;  and  that  a  biquadratic  may  be  formed  in 
the  same  manner  with  two  quadratic  equations. 

He  next  shows  how  to  transform  and  reduce  equations  <to  others 
which  can  be  more  readily  solved,  and  illustrates  his  methods  by 
numerous  examples. 

A  brief  notice^  has  been  given  of  William  Oughtred,  a  mathemati- 
cian of  considerable  talent,  whose  writings  greatly  promoted  the 
advancement  of  the  sciences  of  calculation.  In  the  year  1628  he  was 
appointed  tutor  to  the  son  of  the  Earl  of  Arundel,  and  he  drew  up  for 
the  use  of  his  pupil  a  treatise  which  he  called  ''Arithmetics  in 
numeris  et  spedebus  Institutio,"  which  he  designed  as  a  key  to  the 
mathematics.  In  the  year  1631  he  published  his  treatyse  with  the 
title  of  ''  Clavis  Mathematical."  In  the  year  1647  appealed  in  Eng- 
lish, ''  The  Key  of  the  Mathematics  new  forged  and  filed :  together 
with  a  treatise  of  the  resolution  of  all  kinde  of  affected  equations  in 
numbers.  With  the  rule  of  compound  usury ;  and  the  demonstration 
of  the  rule  of  false  position.  And  a  most  easy  art  of  delineating  all 
manner  of  plaine  sun-dyalls.  (Geometrically  taught  by  Will.  Oughtred." 

The  third  edition  in  Latin,  greatly  improved,  was  put  forth  in 
1652,  with  the  title, ''  Qulielmi  Oughtred  ^tonensis,  quondam  CoUegio 


^  In  Section  1.,  p.  25,  of  "Elementary  Arithmetic,  witli  brief  notices  of  its  history." 
David  Lloyd,  in  his  Memoires  (fol.  1668,  pp.  608,  609),  relates  that  "  he  was 
OS  facetioTis  in  Greek  and  Latin,  as  solid  in  arithmetic,  geometry,  and  the  sphere  of 
all  measures,  mnsic,  &c.  ;  exact  in  his  style  as  in  his  judgment ;  handling  his  cubo 
and  other  instruments  at  eighty,  as  steadUy  as  others  did  at  thirty  ;  owing  his,  he 
said,  to  temperance  and  archery ;  principling  his  people  with  plain  and  solid  truths, 
AS  he  did  the  worid  with  great  and  useful  arts ;  advancing  new  inventions  in  all 
things  but  religion ;  which  in  its  old  order  and  decency  he  maintained,  secure  in  hi& 
privacy,  prudence^  meekness,  simplicity,  resolution,  patienoe,  and  oontentvent" 
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SegaliB  in  Oantabrigia  Socii,  davis  Mathematica)  denuo  limata,  sive 
potius  fabncata."  In  the  preface  lie  states  that  Mr.  Seth  Ward,  a 
Fellow  of  Sidney  College,  was  the  first  person  who  explained  the  uso 
of  his  Clavis  at  Cambridge,  where  it  was  long  used  as  a  text-book.  A 
fourth  edition,  after  his  death,  was  reprinted  in  1667,  and  another  in 
1694,  with  the  recommendation  of  Edmund  Halley,  F.E.S.  In  the 
details  of  his  Clavis,  which  is  an  elementary  work  on  Arithmetic  and 
Algebra,  he  chiefly  follows  the  notations  and  methods  of  Yieta.  Ho- 
devised  several  improvements  in  notation.  He  was  the  first  who 
employed  the  sign  x  to  denote  multiplication ;  ^  and  the  colon  and 
double  colon  to  denote  a  ratio  and  a  proportion.  The  letters  q,  c,  qq 
he  wrote  after  numbers  and  symbols  of  quantity  to  denote  the  second, 
third,  and  fourth  powers ;  ^  and  ^/q^  >/(?,  s/qq^  placed  before  a  quantity, 
to  denote  its  square  root,  cube  root,  and  biquadrato  root.  In  his 
Clavis  appear  the  earliest  essays  of  Algebra  applied  to  Geometry  for 
the  investigation  of  unknown  geometrical  properties. 

In  the  year  1644  was  published  at  Paris  a  Course  of  Mathematics, 
composed  by  Pierre  Herigone,  in  six  octavo  volumes.  This  work,  tho 
first  of  its  kind,  was  written  in  Latin  and  French,  and  printed  in 
pcurallel  columns  on  the  same  pages.  In  the  treatise  on  Algebra,  he 
employed  the  small  letters  of  the  alphabet  to  denote  both  known 
and  unknown  quantities,  and  placed  the  coefficients  on  the  left  side. 
He  introduced  several  new  characters,  some  of  which  have  become 
established  in  ordinary  symbolical  language.  In  this  work  appear 
for  the  first  time  the  exponents'  of  powers  placed  on  the  right  of  the 
letters,  and  of  the  same  size ;  thus,  the  first,  second,  third,  fourth,  &c., 
powers  of  a  are  denoted  by  0,  a2,  oS,  a4,  &c.,  and  named,  latus  seu 
radix,  quadratum,  cubus,  quadrato-quadratum,  &c. 

The  square  root  he  denoted  by  >/  or  /s/2,  placed  before  the  quantity 
whose  square  root  was  to  be  extracted.  The  cube  root  by  >/0  or  >/3, 
the  fourth  root  by  >/  >/  or  >/4,  and  so  on  for  the  higher  roots. 

A  considerable  number  of  his  examples  relate  to  the  application  of 

Algebra  to  geometrical  magnitudes. 

— — ■ — ■ -  -  - 

^  "  Hultiplicatio  Speciosa  joineth  together  both  tho  magnitudes  proposed,  with  the 
note,  tn/c,  or  in,  or  X,  or  for  the  most  part  without  any  note  at  all,  if  the  magni- 
tudes be  set  down  only  with  one  letter." 

>  Onghtred  wrote  the  second,  third,  fourth  powers,  &c.,  of  ^4-.^  in  the  following 
forms  in  the  fourth  edition  of  tho  Clavis  : — 

Aq-k-^AE^-Eq.    Quadratum. 

Ae-^Z  AqE'\-ZAEq-\-Eq.    Cubus. 

Aqq-^^  Ae  E-\-  6  Aq  Eq+  i  AEc-\'Eqq,     Quadrato-quadratum. 

'  His  words  are  :  **  Chamcteres  Cossici  vane  a  variis  auctoribus  designantur,  nos 
solemus  uti  us  in  quibus  exponentes  numeris  sunt  expressi,  nimirum  hia,  a,  a2,  a3, 
a4,  Ac."  He  assumed  the  symbols  2|2,  3|2,  2|3,  for  tho  words,  equal,  nugor,  minor^ 
respectiTely,  and  employed  the  sign  =:  to  denote  "parallel  to,"  which  had  bcforo 
been  adopted  by  Robert  Recorde  to  denote  equality. 
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Ben6  Descartes,  bom  in  the  year  1596,  was  of  noble  descent, 
being  a  younger  son  of  a  counsellor  of  France.  The  clergy  of  the 
Bomish  Church  rose  against  the  heresy  of  his  philosophy,  as  they  had 
•ever  done  in  all  previous  ages  against  Galileo  and  such  men  as 
honestly  sought  out  the  truth  in  the  works  of  nature.  He  ac- 
cepted the  invitation  of  Christina,  the  Queen  of  Sweden,  who  gene- 
rously offered  him  an  asylum  in  her  kingdom,  and'  secure  protection 
from  the  intolerance  and  persecution  of  the  papists. 

In  the  year  1637,  at  Leyden,  was  published  in  French,  without 
the  name  of  the  author,  the  work  of  Descartes  under  the  following 
title: — ''Discours  de  la  Methode^  pour  bien  conduire  sa  raison,  et 
chercher  la  Verity  dans  les  Sciences.  Plus  la  Dioptrique,-  les  meteores 
«t  la  Q^ometrie :  qui  sont  des  Essais  do  cette  Methode." 

This  work  was  translated  from  French  into  Latin  by  Francis 
€chooten,  Professor  of  Mathematics  at  the  University  of  Leyden,  and 
published  in  1649  with  a  commentary  written  by  the  translator,  and 
8ome  additional  notes  by  M.  de  Beaune ;  and  in  1659  a  new  edition 
was  published,  with  further  additions  on  the  nature  of  equations  by 
Ji.  de  Beaune;  also  another  edition  appeared  in  1683. 

The  treatise  entitled  <'Q-eometry"  embraces  the  application  of 


^  The  following  is  the  first  paragraph  of  his  "  Disooorse  de  la  Methode  : " — **  Jj9 

Bon  sens  est  la  chose  du  monde  la  mieux  partagee :  car  chacun  pense  en  etre  si  bien 

<f)oarvii,  que  ceox  memo  qui  sont  les  plus  difficiles  k  contenter  en  toute  autre  chose, 

n^ont  point  contume  d*en  deairer  plus  qulls  en  ont.     £n  quoi  11  n'est  pas  vrai 

semblable  que  tons  se  trompent.    Mais  plutOt  cela  t^moigne  que  la  puissance  de 

bien  juger,  et  distinguer  le  vrai  d'avec  le  faux,  qui  est  proprement  ce  qu'on  nomme 

le  bon  sens,  ou  la  raison,  est  natureUement  egale  en  tons  les  hommes.     Et  ainsi  qua 

la  diversity  de  nos  opinions  ne  vient  pa3  de  ce  que  les  nns  sont  plus  laisonnables 

•que  les  autres,  mais  settlement  de  ce  que  nous  conduisons  nos  pensees  par  diverses 

voies,  et  ne  considerons  pas  les  mdmes  choses.     Car  ce  n'est  pas  assez  d'avolr  Tesprit 

bon,  mais  le  principal  est  de  I'appliquer  bien.    Les  plus  grandes  ftmes  sont  capables 

*des  plus  grands  vices,  aussi  bien  que  des  plus  grandes  vertus.    £t  ceux  qui  ne 

marchent  que  fort  lentement  penvent  avancer  beaucoup  d'avantage,  s*ils  suivent 

toigours  le  droit  chemin,  que  ne  font  ceux  qui  courent,  et  qui  s'en  doignent" 

*  In  his  treatise  on  light,  entitled  ''La  Dioptiique,"  Descartes  claimed  as  hia 
•own  the  discovery  of  the  law  of  refraction  of  light.  This  law  had  been  previously 
discovered  by  Willebrod  Snell  in  1618.  Snell  found,  after  numerous  experiments, 
that  by  prolonging  the  incident  and  refracted  rays  on  each  side  of  the  point  where 
the  refraction  takes  place,  and  drawing  any  vertical  line,  the  parts  of  tiie  two  rays 
comprised  between  ^e  above  point  and  the  vertical  line,  always  preserve  the  same 
constant  ratio  to  each  other,  whatever  may  be  the  obliquity  of  the  incident  ray. 
This  is  the  same  as  saying  that  when  a  ray  of  light  passes  out  of  one  medium  into 
another,  the  sines  of  the  angles  of  incidence  and  of  refraction  always  preserve  a 
-constant  ratio  for  every  angle  of  incidence  in  the  same  media. 

Snell  did  not  perceive  the  identity  of  these  two  propositions,  but  Descartes  did, 
«nd  published  the  discovery  as  his  own  in  1637.    Huygens,  who  knew  that  Des- 
^cartes  had  seen  Snell's  manuscripts  in  Holland,  disclosed  the  truth,  and  exposed 
the  improper  claim  of  Descartes  to  the  dlscoverj. 
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Algebra  not  only  to  straight  lines,  but  also  to  curve  lines.  The 
simple  conception  of  expressing  curve  lines  by  means  of  equations  in 
which  the  unknown  quantities  denote  the  co-ordinates  of  any  point 
whatever  in  the  curves,  constituted  a  new  method  of  extending  the 
powers  of  the  Greek  geometry. 

He  supposed  every  curve  to  be  traced  out  by  the  motion  of  a  point 
in  a  straight  line  which  moves  along  a  fixed  straight  line  called  the 
€uci9  of  abscissas,  and  parallel  to  another  fixed  straight  line  called 
the  axis  of  ordinates;  the  point  in  the  movable  line  also  moving 
according  to  some  certain  law.  The  nature  of  the  curve  is  expressed 
by  the  relation  which  exists  between  the  ordinate  and  abscissa,  or  the 
co-ordinates,  in  the  equation  to  the  curve.  The  equation  to  a  curve 
can  be  found  if  one  or  more  of  its  essential  properties  be  given ;  and 
if  the  equation  to  a  curve  be  given,  its  properties  and  peculiarities 
can  be  ascertained,  and  the  curve  can  be  described. 

He  also  arranged  curves  in  difEerent  orders,  according  to  the 
highest  powers  of  the  co-ordinates  in  their  equations.  Those  which 
inrolve  only  the  first  power  of  the  co-ordinates  belong  to  the  first 
order,  and  can  include  only  straight  lines.  The  curves  of  the  second 
order,  which  involve  the  second  powers  of  the  co-ordinates,  include 
the  circle,  the  ellipse,  the  hyperbola,  and  the  parabola.  The  curves 
of  the  third  order  involve  the  third  powers  of  the  co-ordinates.  These 
have  been  enumerated  (with  some  few  additions  since  his  time)  by  Sir 
Isaac  Newton,  and  were  first  printed  in  1704,  at  the  end  of  his 
Treatise  on  Optics,  under  the  title  of  ''  Tractatus  duo  de  Speciebus  et 
Magnitudine  Figurarum  Curvilineorum."  The  curves  of  the  fourth 
order,  which  are  numerous,  have  not  been  fully  investigated  and 
classified. 

In  treating  of  Algebra,  he  introduced  numerous  improvements  in 
the  rules  and  methods  of  his  predecessors.  He  adopted  the  small 
letters  of  the  alphabet,  as  others  had  done  before  him,  but  employed 
the  first  letters,  a,  h,  c,  &c.,  to  denote  known  quantities,  and  the  last 
letters,  z,  y,  x,  &c.,  to  denote  unknown  quantities.  He  improved  the 
notation  of  powers  devised  by  Herigone.  Instead  of  writing  the 
index  or  exponent  of  the  power  on  the  right  of  the  letter,  he  wrote 
it  in  a  smaller  character,  and  placed  it  at  the  upper  part,  on  the  right 
of  the  letter,  as,  for  instance,  he  denoted  the  third  power  of  x  by 
a^  instead  of  xS.  Sometimes,  however,  he  wrote  xx  and  xxx  for  the 
second  and  third  powers,  instead  of  x^  and  ^.  He  employed  the 
mark  x>  to  denote  equality,^  and  wrote  (p.  372) 

«»— 9-rx-|-2ar-24  »  0,  and  a:*-'lB*-19^jp+106a;-220  ao  0. 


^  The  character  3d  assumed  by  Descartes  to  denote  equality,  in  several  places 
frkeie  it  is  used  by  him  appears  very  much  like  se  or  oe  inverted  :  if  this  be  so,  it 
was  probably  adopted  by  him  from  the  two  initial  letters  of  the  word  sequalia, 
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In  the  transformatioii  and  solution  of  equations  he  introduced 
numerous  rules  and  important  improvements.  Of  these  may  be 
noticed,  especially,  that  he  pointed  out  and  proved  that  the  negative 
and  imaginary  roots,  so-called,  of  equations,  are  as  real  and  proper 
roots  in  the  solution  of  equations  as  positive  roots.  He  gave  a  rule 
for  discriminating  in  any  equation  which  contains  only  real  roots, 
how  many  are  positive  and  how  many  are  negative,  by  the  changes 
or  the  permanencies  of  the  sig^s  of  the  terms  when  taken  in  order 
two  and  two,  the  first  with  the  second,  the  second  with  the  third,  the 
third  with  the  fourth,  &c.  He  also  devised  a  new  solution  o£ 
biquadratic  equations  by  tho  aid  of  a  cubic  and  two  quadratics. 

The  formation  of  the  successive  coefficients  of  any  power  of  an 
expanded  binomial  by  multiplication,  was  perfectly  understood  before 
the  time  of  Newton,  and  tables  of  the  coefficients  of  the  second,  third, 
fourth,  &c.,  powers  had  been  found  and  arranged  by  several  writers. 
There  is  one  of  them  which,  on  account  of  its  various  applications, 
can  scarcely  fail  of  being  interesting  to  the  student. 

Henry  Briggs  left  at  his  death,  which  happened  in  1630,  a  very 
important  work  consisting  of  Trigonometrical  Tables.  These  tables., 
were  printed  at  Gouda,  imder  tho  direction  of  Henry  Gellibrand,  Pro- 
fessor of  Astronomy  in  Gresham  College,  and  published  in  1633. 
The  introduction  contains  the  author's  account  of  the  construction  of 
the  tables,  and  an  account  of  their  uses  was  added  by  the  editor. 
Briggs  devised  a  table  which  he  named  Abacus  UayxpritrroQ,  on  account 
of  its  frequent  and  excellent  use.  It  is  printed  in  tiie  eighth  chapter 
of  the  introduction.  A  portion  of  the  table  is  here  given,  because  it 
exhibits  the  numerical  coefficients  in  order  of  the  terms  of  an  expanded 
binomial  formed  independently  of  each  other.^ 


*  The  following 

is  a  portion  of  the  AbacuH, 

including  the  first  decade  of  the 

natural  uumbci-s : — 

K. 

/. 

//• 

G. 

F. 

K 

D. 

C. 

B.       A. 

+  (10) 

-f(O) 

-(8) 

-(7) 

+  (6) 

+(5) 

-(4) 

-(3) 

+  (2)     (1) 

1 

1 

1 

1 

1 

1 

1 

1 

1           1 

11 

10 

9 

8 

7 

6 

5 

4 

8          % 

66 

55 

45 

86 

28 

21 

15 

10 

6          3 

286 

•       220 

165 

120 

84 

56 

35 

20 

10          4 

1001 

715 

495 

830 

210 

126 

70 

35 

15          5 

3003 

2002 

1287 

792 

462 

252 

126 

56 

21          6 

8008 

5005 

8003 

1716 

924 

462 

210 

84 

28          7 

19448 

11440 

6435 

3432 

1716 

792 

330 

120 

86       a: 

43768        24310        12870  6485        3003        1287        495        165        45  » 

92378        48620        24310        11440        5005        2002        715        220        55        10 

The  first  two  lines  contain,  one  the  letters  Ay  B,  C,  D,  &c.,  written  from  right  to 
left  to  denote  the  order  of  the  vertical  columns  of  the  Ahooua,  and  the  line  of  figuiea 
beneath  contains  the  characteristics  of  the  figurate  numbers. 
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Pierre  de  Fennat,  a  celebrated  mathematiciaii,  was  bom  in  the 
year  1590,  aad  by  his  talents  and  acquirements  became  Counsellor  in 
the  Parliament  of  Toulouse.  His  works  were  collected  and  published 
in  a  folio  volume  in  1679,  sixteen  years  after  his  death.  They  bear 
the  title  of  '^  Opera  Yaria  Mathematical'  and  contain  several  original 
treatises.  Ho  is  deservedly  celebrated  for  his  discoveries  respecting 
the  quadratures  of  parabolas,  his  treatise  on  Maxima  and  Minima, 
and  his  method  of  tangents. 

Bonaventura  Cavalieri,  or  Cavallerius,  as  he  was  commonly  called, 
was  a  disciple  of  Galileo,  and  became  an  eminent  mathematician. 
In  the  year  1629  he  made  known  his  invention  of  the  method  of 
Indivisibles.^     This  work  was   entitled  ''Geometria  Indivisibilibus 


The  table  ean  be  extended  from  nsity  to  any  number  whatever,  and  the  series  of 
nnmben  veckoned  from  right  to  lef^  can  also  be  read  in  vertical  colnmns,  or  in 
diagonal  columns  towards  the  right  or  the  left 

It  begins  with  the  natural  numbers  written  in  order  under  ^  in  a  vertical 
column,  and  a  series  of  units  is  written  under  B,  C,  D,  &c.,  continued  from  1  in  the 
fir^t  vertical  column. 

The  second  series  of  the  table  is  fonoed  from  right  to  1  ^ft  by  addition  in  this 
iraiiner:~2  in  the  first  column  on  the  right  is  added  to  1 S^  Jie  second  eolumn,  and 
the  masL  3  is  written  under  1  in  column  B..  3  in  the  second  column  is  added  to  1  in 
the  third,  and  the  sum  4  is  written  under  column  C, 

In  the  same  way,  4  is  added  to  I,  5  to  1,  6  to  1,  &c.,  and  the  sums  5,  6,  7,  &c., 
are  written  under  tiie  columns  D,  E^  F,  k^-,  and  so  on. 

The  third  aeries  is  formed  exactly  in  the  same  manner : 

3  is  added  to  3,  and  the  sum  6  is  written  under  B ; 
6  it  added  to  4,  and  the  sum  10  is  written  under  C ; 
10  is  added  to  5,  and  the  sum  15  is  written  nnder  D ; 

and  so  for  the  rest  of  the  series. 

And  exactly  in  the  same  manner  are  formed  all  the  succeeding  series  of  numbers^ 
each  beginning  with  the  natural  number  in  the  vertical  column  on  the  right 

It  is  tfaferefoTB  obviona  that  all  the  numbers  of  the  table  are  found  by  the  sue- 
ceasive  additions  of  two  diagonal  numbers  from  right  to  left,  and  these  form  the 
saccessive  horizontal  series. 

And  upon  examination  it  will  be  found  that  this  table  exhibits  in  the  diagonal 
lines,  heginning  with  the  number  on  the  right-hand  column  A^  the  numerical  co- 
effideats  of  tiie  second,  third,  fourth,  fifth,  &c.,  powers  of  an  expanded  binomial. 
These  are  derived  in  order  by  the  succettive  addition  of  two  diagonal  numbers,  the 
nnmben  in  the  first  column  being  the  coefficients  of  the  second  terms  respectively 
of  tlie  expansion  of  each  power. 

Thus  2,  1  are  the  coefficients  for  the  second  power. 

3,  3,  1  „  third  power. 

4,  6,  4,  1  „  fourth  power. 

5, 10,  10,  5, 1  „  fifth  power,  and  so  on. 

^  Cavallerius  proposed  a  new  hypothesis  in  the  method  of  reasoning^  on  Geo- 
metrical Magnitudes.  He  considexed  the  three  hinds  of  geometrical  magnitude 
to  consist  of  indivisible  elements.  The  line  he  supposed  to  be  composed  of  an 
infinite  number  of  points ;  the  surface  or  plane  of  an  infinite  number  of  lines ;  and 
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continuorum  nova  quadam  ratione  promota,"  and  published  at 
Bologna  in  1635,  and  a  second  edition  appeared  in  1653.  This  is  an 
orig^al  work,  and  has  been  considered  as  exhibiting  the  foundation 
of  the  method  of  fluxions  or  the  infinitesimal  calculus.  In  1647  he 
published  his  '^  Exercitationes  Geometrice  Sex,"  a  work  in  which  he 


tbe  volume  of  an  infinite  number  of  planes  or  other  surfaces.  Or,  in  other  words, 
the  point  was  considered  the  indivisible  element  of  the  line ;  the  line  of  indivisible 
breadth,  that  of  the  surface ;  and  the  plane  of  indivisible  thickness,  that  of  the 
Tolume.  The  method  of  Indivisibles  may  be  divided  into  two  parts.  The  object  of  the 
first  part  is  to  compare  figures  with  each  other  by  means  of  the  equality  or  the  constant 
ratio  which  exists  between  their  elements,  and  which  may  be  reduced  to  the  follow- 
ing  proposition : — "All  figures  whose  elements  increase  or  decrease  in  a  similar 
manner  from  the  base  to  the  vertex,  are  to  the  uniform  figure  of  the  same  base  and 
altitude  in  the  same  ratio."  The  second  part  consists  in  showing  the  method  of 
finding  the  ratio  of  an  infinite  number  of  lines  or  planes  increasing  or  decreasing 
according  to  a  certain  law  ^ith  the  same  number  of  elements  homogeneous  with  thfr 
first,  and  all  equal  to  each  other.  Thus  the  cone  is  composed  of  circles  decreasing 
fix>m  the  base  to  the  vertex,  while  the  cylinder  of  the  same  base  and  altitude  is 
composed  of  an  infinite  number  of  circles  all  equal  to  each  other.  In  the  eone  these 
circles  decrease  from  the  base  to  the  vertex  as  the  squares  of  the  terms  of  an  arith- 
metical progression.  If,  therefore,  the  ratio  can  be  found  between  an  infinite 
number  ot  terms  decreasing  according  to  that  law,  and  an  infinite  number  of 
terms  each  equal  to  the  first  term  of  the  first  progression,  the  ratio  between  a 
oone  and  a  cylinder  of  the  same  base  and  altitude  is  determined.  Cavallerius 
showed  that  the  one  is  a  third  of  the  other,  and  hence  it  follows  that  the  con& 
is  one  third  part  of  the  cylinder.  To  the  objections  raised  against  his  method,  he 
replied  that  his  hypothesis  was  no  essential  part  of  his  theory,  but  that  it  was  in 
fact  identical-  to  the  method  of  Exhaustions,  and  only  a  more  brief  method  of  ex- 
pressing the  same  ideas  in  other  words. 

The  method  of  Exhaustions  of  the  ancient  Greek  geometers  is  founded  on  the^ 
principle  of  exhausting  a  magnitude  by  continually  taking  away  a  part  of  it,  as  it  is 
explained  in  the  tenth  book  of  Eudid's  Elements,  where  it  is  stated  tiiat  two 
quantities  are  equal  whose  difierence  is  less  than  any  quantity  that  can  be  assigned. 

By  means  of  this  principle  Euclid  has  proved  that  the  areas  of  circles  are  pro- 
portional to  the  squares  of  their  diameters  (Euc.  xii.  2) :  and  that  the  volumes  of 
spheres  are  as  the  cubes  of  their  diameters  (Euc.  xii.  18). 

Archimedes  also  has  shown  by  the  same  principle  that  the  area  of  a  circle  is  equal 
to  the  area  of  a  right-angled  triangle,  whose  sides  containing  the  right  angle  are 
equal,  one  to  the  radius,  and  the  other  to  the  perimeter  of  the  circle  (Dim.  Circ); 
and  tiiat  the  approximate  ratio  of  the  circumference  to  the  diameter  of  a  circle  is 
as  22  to  7.  He  has  also  shown  that  the  volume  of  a  sphere  is  equal  to  two-thirds 
of  its  circumscribing  cylinder,  and  that  the  surface  of  a  sphere  is  the  same  as  the 
curvilinear  suriace  of  the  cylinder,  and  that  each  is  equal  to  the  areas  of  four  great 
circles  of  the  sphere.    (De  Sph.  et  Cylind.) 

It  may  be  remarked  that  Kepler,  in  his  Nova  Stereometria,  published  in  1615, 
had  before  suggested  the  hypothesis  of  a  circle  being  composed  of  an  infinite 
number  of  small  triangles  having  their  vertices  at  the  centre  and  their  bases  on  the 
circumference :  and  the  volume  of  a  sphere  in  like  manner  he  supposed  to  consist  of 
an  infinite  number  of  small  pyramids,  with  their  vertices  at  the  centre  and  their 
bases  on  the  surface  of  the  sphere. 
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answered  the  objections  of  Guldinus,^  and  explained  the  use  of  In- 
divisibles, and  also  gave  a  series  of  exercises  on  the  subject. 

At  Oxford,  in  1656,  was  published  an  original  work  by  Dr.  John 
TVallis,  then  Savilian  Professor  of  Geometry.  It  bears  tiie  title  of 
'' Arithmetica  Infinitorum."  This  treatise  exhibits  a  new  method  of 
reasoning  on  magnitudes,  and  on  the  ratio  of  magpiitudes  by  means  of 
eeries.  He  was  led  to  consider  that  if  the  terms  of  a  series  of  quantities 
fluocessiYely  decrease;  then  the  series  may  be  made  continually  to 
approach  to  some  constant  quantity,  and  when  the  series  is  indefi- 
nitely continued,  to  become  equal  to  that  quantity.  He  states  that 
bis  method  of  the  Arithmetic  of  Infinites  is  a  further  improvement  on 
the  method  of  Indivisibles,  introduced  by  Cavallerius,  and  that  his 
theory  is  only  a  shorter  way  of  employing  the  method  of  exhaustions.' 


^  The  most  important  of  Goldin's  mathematical  works  was  a  treatise  on  the 
centre  of  gravity,  in  wliich  he  gave  a  method  which  consisted  in  the  application  of 
the  centre  of  gravity  to  find  the  content  of  solids  of  revolution.  His  discover}*  is 
contained  in  the  proposition  :  '*  Every  solid  formed  by  the  revolution  of  any  plane 
figure  roond  an  immovable  axis,  is  equal  to  the  product  of  the  generating  quantity 
multiplied  by  the  length  of  the  course  of  its  centre  of  gravity."  As  for  example. 
The  right  cone  is  generated  by  the  revolution  of  a  right-angled  triangle  round  one 
of  the  sides  which  contain  the  right  angle.  The  centre  of  gravity  of  this  triangle  is 
distant  one-third  of  the  base  from  the  axis.  And  the  solid  content  of  the  cone  by 
Guldin's  rule  is  equal  to  the  area  of  the  generating  triangle  multiplied  by  one- 
third  of  the  circumference  of  the  base  of  the  cone,  and  hence  is  equal  to  one-third  of 
the  content  of  a  cylinder  of  the  same  base  and  altitude  as  the  cone.  Guldin  did  not 
Aucoeed  in  demonstrating  the  truth  of  the  general  proposition.  This  was  shown  to 
him  by  Cavallerius  during  their  dispute,  who  stated  that  it  had  been  done  many  years 
before  by  one  of  his  pupils. 

*  In  the  year  1657  Dr.  Wallis  collected  and  printed  his  mathematical  works  at 
Oxford  in  two  parts. 

The  first  part  consists  of  his  inaugural  lecture  and  two  treatises  : 

1.  Oratio  Inauguralis,  a  Johanne  Wallls,  Geometriie  Professore  Saviliano,  in 
Aaditorio  Geometrico,  Oxoniae,  habita,  ultimo  die  Mensis  Octobris  Anno  1649 ; 
qumn  pnblicam  geometrise  professionem  auspicatus  est. 

2.  Hathesis  Universalis  ;  sive  Arithmeticum  Opus  integrum,  tum  philologice  tum 
-mathematice  traditum ;  Arithmeticam  tum  Numerosam,  tum  speciosam  sive 
symbolicam  complectens,  sive  calculum  geometricum ;  tum  etiam  Rationum  Pro- 
portionumve  tmditionem  ;  Logarithmorum  item  doctrinam ;  aliaque  qua  capitum 
syllabus  indicabit. 

3.  Adversns  Msrci  Meibomii  De  Proportionibus  Dialogum,  tractatus  elencticus. 
The  second  part  consists  of  four  treatises  : 

1.  De  Angulo  Contactus  et  Sumicirculi,  Disqnisitio  Geometrica.     Oxonii,  1656. 

2.  De  Sectionibus  Conicis,  Nova  Methodo,  Expositis,  tractatus.    Oxonii,  1655. 

3.  Arithmetica  Infinitorum,  sive  Nova  Methodus  inquireudi  in  curvilineorum 
quadratoram,  aliaque  diffialiora  Matheseos  problemata.     Oxonii,  1656. 

4.  Edipsis  solaria  Oxonii  visffi  Anno  Mrdi  Christians,  1654.  2  die  Mensis 
Attgosti,  Stilo  vetfri,  Observatio.     Oxonii,  1655. 

Commerciura  Epistolicnm  de  Quacstionibus  quihusdnm  Mathematicis  nuper 
liabiinm.     Edidit  J.  WallLs,  S.Th.D.     Oxonii,  1658.     This  is  a  collection  of  forty- 
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Dr.  Wallis  found  his  method  for  the  sums  of  series  to  fail  in 
the  case  of  the  progressions  whose  terms  were  the  roots  of  the  sums 
or  differences  of  simple  terms  such  as  v'CH— a«*),  V'C^— !«')» 
v'(r*— 4a'),  >/(r*— 9a'),  &c.,  to  VCr'—r*),  which  he  names  a  series  of 
terms  in  the  subduplicate  ratio  of  a  series  of  equals  diminished  by  a 
series  of  squares.  Where,  if  r  be  the  radius  of  a  circle,  and  a  denote 
any  of  the  indefinitely  small  and  equal  distances  of  the  ordinates  in 
the  quadrant  of  the  circle,  beginning  from  the  centre,  such  quadrant 
is  equal  to  the  stmi  of  the  terms  of  this  progression,  as  he  has  shown 
in  Proposition  121  of  his  Arithmetic  of  Infinites.  They  being  the 
right  sines  of  which  the  quadrant  is  composed,  each  of  which  is 
known  to  bo  a  mean  proportional  between  (f+oa)  and  (r—oa);  and 
between  (r+la)  and  (r— la);  and  between  (r+2a)  and  (r— 2a),  and 
so  on.  The  same  series,  with  the  signs  changed,  of  the  second  term 
under  the  idnculum,  that  is  v^Cr'+Oa'),  V(r»+1«'),  >/(r«+4a'), 
\/(r'+9e^),  &c.,  to  >/(r'+r'),  being  summed  would  give  the  quadra- 
ture of  the  equilateral  hyperbola,  supposing  r  to  denote  the  semi- 
transverse  diameter,  and  a  any  of  the  indefinitely  small  and  equal 
distances  on  the  asymptote,  from  the  centre  of  the  transverse  diameter, 
then  the  ordinates  composing  the  hyperbolic  space  will  be  expressed 
by  the  last  progression.  He  also  shows  in  Prop.  165,  by  finding  the 
sums  of  the  terms  of  two  other  series,  the  quadrature  of  the  circle  and 
hyperbola  could  be  foimd,  but  involving  the  same  difficulty,  which  he 
could  not  directly  overcome.  While  he  was  engaged  in  his  inquiries 
about  the  quadrature  of  the  circle,  he  thought  of  another  method, 
which  he  named  the  interpolation  of  series,  by  which  he  means,  of 
discovering  certain  intermediate  terms  of  a  progression,  by  considering 
the  properties  of  the  progression  and  the  relation  of  the  terms  to 
each  other.  He  gives  several  examples  of  this  method  for  finding- 
the  area  of  a  circle,  of  which  this  is  one.    In  the  progression  1,  f ,  ^ , 


four  letters,  of  which  eleven  were  written  by  Lord  Brounker  to  Dr.  Wallia,  and 
seven  from  Dr.  Wallis  to  Lord  Brounker. 

A  Treatise  of  Algebra,  both  Historical  and  Practical,  shewing  the  Original,  pro- 
gress and  adTancement  thereof,  from  time  to  time ;  and  by  what  8tei>8  it  hath 
attained  to  the  height  at  which  now  it  is.  With  additional  treatises,  I.  Of  the 
Cono-cunens ;  being  a  body  representing  in  part  a  conns,  in  part  aconens.  II.  Of 
Angular  Sections ;  and  other  things  relating  thereto,  and  to  Trigonometry.  III. 
Of  the  Angle  of  Contact ;  with  other  things  appertaining  to  the  composition  of 
magnitudes,  the  inceptives  of  maguitndes,  and  the  composition  of  motions,  with 
the  resnlts  thereof.  IV.  Of  Combinations,  Alternations,  and  Aliquot  parts. 
By  John  Wallis,  D.D.,  Professor  of  Geometry  in  the  University  of  Oxford,  and  a 
member  of  the  Royal  Society,  London.    Folio,  London,  M.  DC.  LXXXY. 

Besides  these  works  there  will  be  found  numerous  papers  of  Dr.  Wallis  in  the 
early  volumes  of  the  Philosophical  Transactions  of  the  Rojral  Society.  In  the  year 
1697  the  whole  of  the  mathematical  works  of  Dr.  Wallis  were  collected  and  printed 
in  three  folio  volumes  at  the  Oxford  University  Press,  and  publbhed  in  1699. 
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W^  ^'y  'whose  tenns  are  formed  by  taking  1  for  the  first  term,  and 
the  products  of  the  first  two,  three,  four,  &c.,  terms,  of  1,  f ,  f ,  ^,  &c., 
to  find  the  intermediate  term  between  1  and  f ;  which  he  found  to  be 
a  sard,  which  cannot  be  exactly  expressed  by  any  definite  number,  but 
which  may  be  expressed  approximately. 

Notwithstanding  his  failure,  Dr.  Wallis  disclosed  new  methods  of 
piooeeding,  among  which  may  be  noted  that  he  first  reduced  the 

fraction  r-^  by  division  into  the  infinite  series ; 

a-^ar+ai^+af^+af^y  +  &c.,  ad  infinitum. 

The  converse,  however,  involved  some  difficulties,  which  may  be 
worthy  of  some  consideration. 

It  may  be  reasonably  objected  that  since  all  the  terms  of  an 
infinite  series  are  unassignable,  it  is  impossible  to  determine  their  sum. 

In  order  to  obviate  this  objection,  let  it  be  considered  that  a 
number  aduaUy  infinite  is  a  plain  contradiction  to  all  our  ideas  about 
numbers.  For  every  number  of  which  the  human  mind  can  actually 
^zm  any  suitable  idea,  is,  and  always  must  be,  finite ;  so  that  a 
number  greater  than  that  can  be  assigned,  and  a  greater  than  this 
last  number,  and  so  on  without  any  possibility  of  ever  coming  to  the 
end  of  the  increase  of  nmnbers  that  can  be  assigned.  This  endless 
progression  of  numbers  is  all  that  can  be  understood  by  the  infinity  of 
number ;  and  to  assert  that  the  number  of  any  things  is  infinite,  is  not 
to  assert  that  we  comprehend  Iheir  number,  but  the  contrary.  The 
^mly  positive  idea  being  simply  this — ^that  the  number  of  these  things 
is  greater  than  any  number  which  we  can  conceive  and  assign. 

We  easily  conceive  that  a  finite  magputude  may  become  greater 
Jind  greater  without  end,  or  that  no  limit  can  be  assigned  to  the 
increase  which  it  may  admit;  but  we  do  not,  therefore,  clearly 
conceive  magnitude  increased  an  infinite  number  of  times. 

Mr.  Locke,  in  his  essay,  admits  that  we  easily  form  an  idea  of  the 
ii^mikf  of  number y  but  he  disting^shes  between  this  and  the  idea  of  an 
iufiimU  number;  and  adds,  that  however  clear  our  idea  of  the  infinity 
of  number  may  be,  there  is  nothing  more  evident  than  the  absurdity 
of  the  actual  idea  of  an  infinite  number.  And  he  further  remarks, 
that  while  men  talk  and  dispute  of  magnitudes  infinitely  great  and 
infinitely  small,  as  if  they  had  as  dear  and  positive  ideas  of  these  as 
they  have  of  the  names  of  finite  quantity,  it  is  not  surprising  if  the 
incomprehensible  nature  of  the  thing  they  reason  about  leads  them 
into  perplexities  aiid  contradictions.  Mathematicians  abridge  their 
computations  by  the  supposition  of  infinites,  but  when  they  treat  them 
in  the  same  way  as  they  reason  on  finite  quantities,  they  are  some- 
times led  into  such  conclusions  as  verify  the  observation  of  Mr.  Locke. 

We  cannot  apply  to  an  infinite  series  the  common  notion  of  a  sum, 
or  an  aggr^ate  of  several  numbers  that  are  connected  and  added  to- 
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gether,  one  after  another,  for  this  supposes  that  these  numbers  are  all 
known  and  determined.  But  the  terms  of  an  infinite  series  cannot  be 
all  separately  assigned,  there  being  no  end  in  the  number  of  its  terms, 
and  therefore  it  can  have  no  sum  in  that  sense.  Again,  the  idea  of  an 
infinite  series  consists  of  two  parts,  one,  the  idea  of  something  positive 
and  determined,  in  so  far  as  we  conceive  the  series  to  be '  actually 
carried  on ;  and  the  other,  the  idea  of  an  inexhaustible  remainder  or 
an  endless  addition  of  terms  to  be  made  to  it,  one  after  another. 
Hence  we  may  conceive  it  as  a  whole  of  its  own  kind ;  and  therefore 
the  infinite  series  may  be  said  to  have  a  real  value  determinable  or 
not.  Now,  in  some  infinite  series,  which  are  convergent,  the  value  is 
finite  or  limited ;  or  in  other  words,  a  number  can  be  assigned  which 
the  sum  of  no  assignable  number  of  terms  of  the  series  can  ever  exceed, 
or  in  fact  can  ever  be  equal  to  it,  yet  may  approach  to  it  nearer  than 
by  any  difference  that  can  be  assigned.  And  this  we  may  call  the 
sum  of  the  series ;  not  as  being  a  number  found  by  the  common  method 
of  addition,  but  as  being  such  a  limitation  of  the  value  of  the  series 
taken  in  its  infinite  extent,  that  if  it  were  possible  to  add  the  terms  of 
the  series  all  together,  the  sum  would  be  equal  to  that  ntmiber. 

Again,  in  other  infinite  series,  such  as  are  divergent,  the  value  of 
their  sums  has  no  limitation.  And  this  we  may  express  by  saying 
that  the  sum  of  the  series  is  infinitely  great ;  which  signifies  no  mor» 
than  that  the  series  has  no  determinate  and  assignable  value ;  and 
that  the  sum  of  the  series  when  the  terms  are  indefinitely  continued, 
shall  be  greater  than  any  number  that  can  be  assigned.  And  there  - 
fore  on  the  whole  it  may  be  concluded  there  is  a  sum  in  the  former 
oase,  yet  not  such  a  sum  in  its  ordinary  sense ;  and  in  the  latter  case, 
there  is  no  determinate  sum  in  any  sense. 

Dr.  Wallis,  in  his  methods  of  induction,  considered  the  progressions 
as  consisting  of  an  infinite  number  of  terms  formed  according  to 
certain  laws;  and  not  at  that  time  having  read  the  methods  of 
Archimedes,  he  adopted  the  method  of  indivisibles,  of  which  elements 
geometrical  figures  were  supposed  to  be  formed.  And  these  elements 
were  naturally  represented  by  the  terms  of  these  progressions,  and  his 
object  was  to  discover  how  the  sum  of  these  terms  could  be  found. 

He  effected  his  purpose  by  the  following  important  proposition, 
which  embodies  the  substance  of  his  work,  namely,  *'  That  the  sum  of 
all  the  terms  of  the  same  powers  of  a  series  of  quantities  in  arithmeti- 
cal progression  beginning  with  0,  is  equal  to  the  product  of  the  last 
term  multiplied  by  the  number  of  significant  terms,  divided  by  the 
index  increased  by  unity."  For  example,  suppose  0,  1,  2,  3  ....  ^ 
be  an  arithmetical  progression,  consisting  of  an  indefinite  number  of 
times,  in  the  natural  order  of  numbers,  having  the  last  term  J?,  and 
let  0",  1",  2",  3"  ...  .  ar",  be  a  progression  of  terms  which  are  of  any, 
the  8ame  power  or  root ;  then  the  sum  of  this  last  series  will  be  eqiial 
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*o       ■   .    This  propoBition  Wallis  proved  by  inductioii  from  several 

particular  cases,  but  Newton  reduced  all  the  cases  into  one,  and  gave 
a  general  demonstration  by  means  of  an  indefinite  index. 

Dr.  Wallis  was  the  first  who  developed  the  principles  of  circu- 
lating decimals.  The  subject  is  treated  in  the  eighty-ninth  chapter  of 
his  <<  Algebra  both  Historical  and  Practical,"  and  in  the  appendix  h& 
added  some  posthumous  papers  of  Mr.  Horrocks,  which  he  digested 
into  order  at  the  desire  of  the  Eoyal  Society,  and  published.  The 
subject  of  circulating  or  repeating  decimals  is  more  curious  thaib 
useful.  No  distinction  is  made  between  repeating  and  non-repeating, 
decimals  in  the  computation  of  logarithmic  and  trigonometrical 
tables.  These  tables  are  calculated  to  seven  or  more  places  of 
decimals,  and  can  be  used  to  obtain  approximate  results  of  greater  or 
leas  accuracy,  according  to  the  number  of  decimal  places  to  which  the* 
tables  are  extended.  By  tables  computed  to  seven  places  of  decimals^ 
approximate  results  can  be  found  which  shall  differ  from  the  exact 
result  by  an  error  less  than  a  millionth  part  of  the  unit  employed. 

Dr.  Wallis  wrote  and  published  works  on  theology  and  other 
subjects  besides  those  on  mathematics.  In  the  year  1676  he  pub- 
lished an  edition  of ''  Archimedis  Arenarius  et  Dimensio  Oirculi."  H» 
also  edited  the  Greek  text  of  the  Opus  Harmonicum  of  Ptolemy,  and 
published  it  with  a  Latin  translation  and  notes  in  1682. 

After  a  long  life  of  useful  work  he  died  on  the  28th  day  of  Octoberj. 
1702,  in  the  88th  year  of  his  age,  having  steadily  pursued  one  great 
object,  which  he  has  described  in  the  following  extract  from  a  lettes 
to  his  friend : — **  It  hath  been  my  endeavour  all  along  to  act  by 
moderate  principles,  being  willing,  whatever  side  was  uppermost,  to< 
promote  any  good  design  for  the  true  interest  of  religion,  of  learning, 
and  of  the  public  good." 

Lord  William  Brounker  was  one  of  the  leading  men  who  originated 
the  Boyal  Society,  of  which  he  was  appointed  the  first  President  iik 
the  year  1662.  He  was  an  able  mathematician,  as  is  shown  by  several 
papers  which  appear  in  the  Philosophical  Transactions.  He  was  th» 
first  person  who  considered  the  subject  of  Continued  Fractions  and 
applied  them  to  the  quadrature  of  c;\rves  and  to  other  investigations. 

He  devised  a  method  to  express  l>y  a  continued  fraction  the  ratio 
of  the  area  of  the  circumscribed  squa*  'e  to  the  area  of  the  circle,  and 
found  that  the  ratio  of  the  square  oi'  the  diameter  to  the  area  of 
a  circle  was  as  1  to  the  continued  frmtion  14.^4.74.^^4.-^+  ^^-9  ^^^ 
showed  that  the  successive  approximate  values  of  the  continued 
fofcction  were  approximations  alternately  less  and  greater,  to  the  true- 
ratio  of  the  square  to  the  circle. 

And  Wallis,  in  his  **  Arithmetic  of  Infinites,''  proved  that  the  area 
of  a  circle  is  to  the  square  of  its  diameter,  as  1  to  -g  x  ff  x  |§  X  |^  x  &c.. 
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and  Bhowed  this  expression  to  be  identical  with  Lord  Brounker's  con* 
tinned  fraction  (Arith.  Inf.  pp.  181,  &c.). 

Huygens  employed  continued  fractions  for  the  purpose  of  obtaining 
in  smaller  numbers  the  approximate  values  of  the  ratios  of  large 
numbers.^ 

La  Grange  was  the  first  who  showed  that  the  square  root  of  any 
whole  number,  not  a  complete  square,  can  be  expressed  in  the  form  of 
a  periodic  continued  fraction.' 

Mr.  James  Gregory,  in  his ''  True  Quadrature  of  the  Circlo  and  Hy- 
perbola,'' published  in  the  year  1667,  gave  a  converging  series  which 
proceeds  by  pairs  of  tesms,  such  that  the  difference  between  any  pair 
is  less  than  the  difference  of  the  preceding  pair,  and  that  after  the 
same  law  that  the  second  pair  is  formed  from  the  first,  the  third  is 
formed  firom  the  second,  and  so  on ;  by  which  the  differences  suc- 
cessively decreasing,  at  length  a  difference  becomes  less  than  any 
given  quantity  that  can  be  assigned,  when  the  series  is  indefinitely 
continued.  In  that  case  the  difference  vanishes,  and  the  two  terms 
become  equal,  either  of  which  is  the  quantity  sought,  whereby  an 
approximation  to  the  area  of  the  hyperbola,  as  well  as  to  that  of  the 
circle,  may  be  made  to  any  degree  of  accuracy. 

Dr.  Barrow  was  surpassed  by  few  men  of  his  age  in  deamess  of 
perception,  exactness  of  reasoning,  and  soundness  of  judgment.^  He 
will  ever  stand  among  the  first  in  mathematical  learning,  a  perfect 
master  of  the  ancient  geometry,  who  confliderably  contributed  to  the 
advancement  of  the  new  calculus  and  its  applications.    Nor  will  his 

reputation  be  ever  deemed  less  for  his  justness  of  thought  in  his 

*»     ■  ■    ■    .  .  ■  , 

^  See  Oposcula  Posthuma,  Lngd.  Bat.  17C3.  Descriptio  Automati  Planotarii, 
pp.  449,  &c. 

2  At  the  end  of  the  third  edition  of  Euler's  Algebra  (London,  1822)  are  printed 
the  additions  of  M.  de  la  Grange,  which  consist  of  a  valoable  treatise  on  continued 
fractions,  and  the  application  of  them  to  the  solution  of  indetermiuAte  problems. 
And  in  his  "Traitu  de  la  Resolution  des  Equations  Numerig^ues"  is  explained  the 
manner  of  approximating  to  the  numerical  values  of  the  roots  of  equations  by  means 
of  continued  fractions.     Paris,  Ist  ed.,  1798 ;  2nd  ed.,  1826. 

'  The  following  anecdote  is  related  of  Dr.  Barrow,  as  as  instance  of  his  ready 
wit  and  judicious  skill  in  repelling  an  impertinence : — 

"  On  one  occasion,  while  Dr.  Barrow  was  at  Court  in  dischai*ge  of  his  duties  as  the 
king's  chaplain  in  ordinary,  he  encountered  one  day  the  witty  Lord  Rochester. 
Rochester,  intending  to  banter  him,  with  a  flippant  air  and  a  low  formal  bow, 
. gravely  accosted  him  with  the  words,  'Doctor,  I  am  yours  to  my  shoe-tie.'  Bar- 
row, ]r)erceiving  his  drift,  determined  upon  defending  himself,  and  returned  the 
salute  with,  *  My  lord,  I  am  yours  to  the  ground.'  Rochester,  upon  this,  improving 
his  blow,  quickly  returned  it  with,  '  Doctor,  1  am  yours  to  the  centre ; '  which  was 
smartly  followed  up  by  Barrow  witii,  '  M}^  lord,  I  am  yours  to  the  antipodes.'  Upon 
this  rejoinder,  Rochester,  disdaining  to  be  foiled  by  a  musty  old  piece  of  divinity, 
as  he  used  to  call  him,  exclaimed,  'Doctor,  I  am  yours  to  the  lowest  pit  of  hell;* 
•upon  which  Barrow,  turning  upon  his  heel,  with  a  sarcastic  smile,  archly  replied, 
*  There,  my  lord,  I  leave  you.* " 
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works  on  theology,  the  deepest  and  the  most  important  of  all  the- 
sciences.  His  Mathematical  Lectures  were  delivered  at  Cambridge  in 
1664  and  the  following  years,  as  also  his  CFeometrical  Lectures.  Tho 
latter  were  published  in  1670,  and  the  former  after  his  death  in  1683.^ 

He  begins  with  the  generation  of  magnitudes  which  involves  the 
origin  of  mathematical  hypotheses,  and  admits  that  magnitudes  may 
be  conceived  to  be  generated  or  formed  by  local  motion,  which  implies 
the  idea  of  force  which  produces  the  motion,  the  time  of  its  con< 
tinuance,  and  the  direction.  Time  may  be  measured  by  motion,  and 
motion  by  time.  As  time  is  a  quantity  uniform  in  its  continuity,  and 
all  its  parts  correspond  to  the  respective  parts  of  spaces  passed  over 
with  equal  or  unequal  motions,  it  may  be  represented  to  our  minds 
by  any  geometrical  magnitude  between  which  and  time  there  can  be 
any  analogy,  such  as  a  straight  line  or  a  circular  arc.  Now  as  time 
consists  of  parts  altogether  similar,  it  may  be  regarded  as  of  one 
dimension  only,  whether  considered  as  a  continuous  flux,  or  made  up 
by  the  addition  of  moments.  For  this  reason,  length  onltf  is  ascribed 
to  time,  and  its  quantity  is  determined  by  the  length  of  the  line 
passed  over.  As  a  line  can  be  conceived  to  be  the  trace  of  a  moving 
point,  so  time  may  be  conceived  as  the  trace  of  a  moment  continually 
moving  on  in  a  continuous  flux.  And  like  as  the  quantity  of  a  line 
coofliBts  of  length  only  following  the  motion,  so  the  quantity  of  timo 
pursues  only  one  direction,  which  the  length  of  the  line  or  distance 
moved  over  shows,  and  determines  the  time. 

The  motive  force  by  which  magnitudes  are  supposed  to  be  g^ne* 
rated  is  a  quantity,  and  subject  to  computation  as  other  quantities. 
For  when  two  bodies  depart  from  the  same  place  along  the  same  line, 
if  one  moves  over  a  greater  distance  than  the  other  in  the  same  time, 
then  that  body  which  moves  more  quickly  is  acted  on  by  a  greatei* 
force  or  motive  power.  Force,  therefore,  admitting  the  modification  of 
greater  and  less,  may  bo  conceived  to  be  divisible  into  any  definite 
or  indefinite  parts.  And  in  order  to  represent  the  quantity  of  this 
force  justly  to  the  mind,  it  is  only  necessary  to  assume  some  geometric 
cal  magnitude  to  represent  it.  The  straight  line  will  fulfil  tho 
required  conditions  both  with  respect  to  magnitude  and  direction. 
"When  this  force  comes  under  mathematical  consideration  it  is  called 
Telocity,  which  is  defined  to  be  that  power  by  which  a  point  or  a 
movable  body  can  pass  over  a  given  space  or  distance  in  a  given 
time.  Hence  it  follows,  that  the  quantity  or  measure  of  any  velocity 
cannot  be  known  either  from  knowing  separately  the  space  moved 
over,  or  from  the  time ;  but  can  be  determined  from  the  space  and 
ihe  time  together ;  that  is,  from  the  space  passed  over  in  a  given  time. 

^  The  Mathematical  Lectures  wete  translated  into  English  bj  the  Rev.  John 
Kirkby,  and  pnblished  in  1734,  and  the  Geometrical  Lectures  were  also  translated 
into  English  by  Edmund  Stone,  and  published  in  1735. 
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60y  again,  the  quantity  of  time  can  be  obtained  from  the  quantity  of 
epace  and  the  velocity  together.  The  quantity  of  space  is  found  in 
-the  same  manner  as  is  that  of  a  superficies,  simply  by  its  dimensions. 
But  the  quantities  of  velocity  and  time  are  found  exactly  in  the  same 
way  as,  when  a  superficies  and  one  of  its  dimensions  are  given,  we 
thereby  find  the  other.  For  to  every  moment  of  time  there  answers 
«ome  degree  of  velocity  which  a  movable  body  is  then  conceived  to 
have,  to  which  degree  some  length  of  space  moved  over  corresponds. 

When  time  flows  equably,  it  will  be  most  fitly  represented  by  the 
straight  line ;  and  the  several  degrees  of  velocity,  whether  equal  or 
oinequal  in  each  instant,  may  also  be  denoted  by  straight  lines.  And 
because  these  degrees  of  velocity  do  in  any  momemt  of  time  pass  over 
•each  independently,  therefore  if  horizontal  straight  lines  parallel  to 
•each  other  be  drawn  through  all  the  points  of  the  perpendicular  line 
Tepresenting  the  time,  the  plane  superficies  thence  resulting  will 
exactly  represent  the  aggregate  of  the  degrees  of  velocity,  and  which 
superficies  having  its  parts  proportional  to  the  respective  parts  of  the 
€pace  moved  through,  may  properly  represent  that  space.  If  the 
velocities  corresponding  to  each  instant  of  time  be  equal,  this  super- 
fldes  will  be  a  parallelogram ;  if  unequal,  a  triangle ;  from  the  pro> 
perties  of  the  former  are  deduced  all  the  properties  of  equable  and 
imiform  motion ;  and  from  the  latter  all  those  which  concern  equally 
accelerated  motion.  Moreover,  any  degrees  of  velocity  increasing  or 
decreasing  by  any  law  of  force  in  any  times  being  given,  the  measure 
of  the  representative  space,  or  the  quantity  of  space  moved  through, 
may  be  determined,  and  the  contrary. 

The  Geometrical  Lectures  exhibit  many  important  results  relating 
io  the  properties  of  curves.  Dr.  Barrow's  method  of  tangents'  is  the 
same  as  that  of  P.  Format,  simplified  and  generalised.  He  conceives 
-the  ordinate  and  the  abscissa  of  a  curve  to  receive  each  an  infinitely 
small  increment.  These  two  increments  and  the  small  portion  of  the 
curve  intercepted  between  them,  f  jrm  an  infinitesimal  triangle, 
similar  to  the  triangle  formed  by  the  ordinate,  subtangent,  and 
tangent  to  the  curve.  From  the  equation  to  the  curve  he  finds  the 
relation  between  these  two  increments,  and  then  concludes,  that  as 
the  increment  of  the  ordinate  is  to  the  increment  of  the  abscissa, 
so  is  the  ordinate  to  the  subtangent,  which  gives  the  solution  of  the 
problem. 

^  As  an  example,  let  ^*'fx,  the  equation  of  the  common  parabola,  be  taken ;  and 
let  e  denote  the  increment  of  o^  the  abscissa,  and  a  the  increment  of  y,  the  ordinate,  at 
4uiy  point  of  the  curve.  Then  (y+a)*«|>(a5+«)f  or  y*+2ay+a*-«^+jw  ;  but  since 
y^'^px,  there  will  remain  2ay+a*^pe;  but  since  a  is  a  quantity  infinitely  small, 
<a*  or  axa  is  infinitely  smaller  in  comparison  with  a,  and  therefore  a*  may  be 
rejected,    and    then    Say^pe,    and   a:e::p:2y;    but   a:e::y:the   subtangent, 

2l/'      2lKB 

hence  p:23/:iy:  the  subtangent ;  and  the  subtangent  a>-^  e-^^«2a:,  or  the  sub- 

Jr  if 

tangeut  of  the  common  parabola  is  equal  to  twice  the  abscissa. 
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OF  ALGEBEA. 

( Conitmied,) 

The  researclies  of  Wallis,  Barrow,  and  others,  had  ahreadj  opened 
the  way  by  their  discoyeries  for  the  further  deyelopment  of  nevr 
methods  of  reasoning  in  the  science  of  mathematics. 

Besides,  toi^ards  the  latter  part  of  the  seventeenth  century,  several 
ingenious  treatises  on  the  Science  of  Algebra  were  published  which 
contributed  to  advance  the  knowledge  of  that  science.  One  of  these 
may  be  noted.  In  the  year  1675,  in  two  quarto  volumes,  appeared 
**  Nouveaux  Siemens  des  Mathematiques,  par  Jean  Prestet,  pretre." 
A  second  edition  was  published  in  1689,  and  a  third  in  1694.  The 
work  consists  of  an  ample  treatise  on  Arithmetic  and  Algebra,  and 
bears  the  singular  and  peculiar  dedication  to  Almighty  God.  Such  a 
dedication  may  be  thought  to  savour  at  least  of  presumption,  if  not  of 
some  more  serious  offence  against  that  reverence  which  is  generally 
considered  due  from  the  creature  to  the  Creator.  But  it  is  more  pro- 
bable that  the  author,  being  under  the  orders  of  his  church,  would 
not  have  adventured  so  far  without  the  special  permission  of  infallible 
authority.  This  dedication  is  very  different  from  that  of  Thomas 
Taylor,  the  Platonist,  who  dedicated  his  English  translation  of  the 
Commentary  of  Frodus  on  the  First  Book  of  Euclid's  Elements  '*  To 
the  Sacred  Majesty  of  Truth." 

The  Algebra  of  Bhonius,  in  High  Dutch,  was  translated  into  English 
by  Thomas  Branker,  and  published  in  a  quarto  volume  in  London, 
1668.  Several  improvements  in  the  work  were  received  from  Dr. 
John  Pell,  by  whom  the  character  -^  was  devised  to  denote  the  opera- 
tion of  division. 

Elementa  Arithmeticce  Numerosse  et  Speciosaa,  auctore  Edw.  Wells. 
1698.  Oxonii.  2nd  Edition,  1726.*  Mr.  Wells  also,  in  1714,  pub- 
lished  in  three  volumes  a  work  entitled,  "  The  Young  Gentleman's 
Course  of  Mathematics."     The  author  remarks  that  no  gentleman 

*  The  late  Professor  De  Moi^n  has  thus  described  this  work  : — "This  is  an 
^'egant  work,  in  which  Arithmetic  and  Algebra  aro  exhibited  to  the  university 
vcndent  in  a  simple  form,  accompanied  by  the  historical  learning  which  such  a 
3tadent  ought  to  have.  The  works  on  Arithmetic  were  taking  too  commercial  a  turn 
to  be  all-saffident  for  the  purposes  of  liberal  education  ;  and  Wells,  without  by  any 
means  rejecting  commercial  questions,  writes  in  order  that  the  student  may  not  of 
necessity  be  driven  to  the  works  in  which,  as  he  says,  *  Exempla  non  aliunde  quam. 
a  Butyro  et  Caseo,  Zingibere  et  Pipei-e,  aliisque  similibus.' 
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ought  to  think  arithmetic  below  him  who  does  not  think  an  estate 
hclow  him. 

The  substance  of  the  Arithmetica  Universalis  of  Mr.  Newton  was 
orginally  composed  and  delivered  in  his  lectures  as  Lucasian  Professor 
at  Cambridge  between  the  years  1669  and  1702.  Mr.  Whiston,  who 
succeeded  to  the  Lucasian  Professorship,  '*  thought  it  a  pity  so  able 
and  useful  a  work  should  be  doomed  to  a  college-confinement."  He 
obtained  leave  from  Sir  Isaac  Newton  to  supply  what  he  had  left 
undone,  and  from  Dr.  Halley  to  reprint  his  method  of  finding  the* 
roots  of  equations,  and  from  both  of  them  their  sanction  for  the  pub- 
lication.  Accordingly  the  work  was  printed  at  Cambridge  in  1707, 
typis  academicis,  with  the  title  of  ''Arithmetica  Universalis,  sive 
de  Compositione  et  Besolutione  Liber.  Cui  accessit  Halleiana  ^qua- 
tionum  Arithmetice  inveniendi  Methodus." 

The  following  extract  from  the  introduction  explains  the  nature 
and  object  of  the  work : — **  Computation  is  either  performed  by 
numbers,  as  in  vulgar  arithmetic,  or  by  species,  as  is  usual  among 
algebraists.  They  are  both  built  on  the  same  foundations,  and  aim  at 
the  same  end ;  namely,  arithmetic  definitely  and  particularly ;  algebra^ 
indefinitely  and  universally :  so  that  at  most  all  expressions  that  are 
found  out  by  this  computation,  and  particularly  conclusions,  may  be 
called  theorems.  But  algebra  is  particularly  excellent  in  this,  that 
whereas  in  arithmetic  questions  are  only  resolved  by  proceeding  fronx 
given  quantities  to  the  quantities  sought ;  algebra  proceeds  in  a  retro- 
grade order,  from  the  quantities  sought,  as  if  they  were  g^ven,  to  the 
quantities  g^ven,  as  if  they  were  sought,  to  the  end  that  we  may,  some 
way  or  other,  come  to  a  conclusion  or- equation,  from  which  we  may 
bring  out  the  quantity  sought.  And  after  this  way  the  most  difficult 
problems  are  resolved,  the  resolutions  whereof  would  be  sought  in 
vain  from  only  common  arithmetic." 

An  able  and  distinguished  mathematician  has  made  the  following: 
remarks  on  this  work : — ''  It  abounds  with  many  great  and  useful  im- 
provements— ^particularly  in  the  transformation  of  equations,  the 
limits  of  their  roots,  the  number  of  impossible  roots,  and  the  use  of 
rational  and  surd  divisors.  It  also  contains  a  select  collection  of 
algebraical  and  geometrical  problems,  which  are  resolved  in  the  most 
elegant  and  masterly  manner;  as  likewise  the  linear  construction 
of  equations  of  different  orders,  and  a  general  method  of  determining 
numeral  equations  by  approximation." 

The  work  was  translated  into  English  by  Mr.  Ealphson,  and  puh- 
lished  in  1720.  A  second  edition,  revised  and  corrected  by  Mr.  Cunn, 
was  issued  in  1728.  A  later  edition  was  also  published  by  Wilder 
in  1769,  with  a  commentary  in  two  volumes  octavo. 

An  edition  of  the  Arithmetica  Universalis  was  published  in  three 
octavo  volumes,  with  a  commentary  in  Latin,  by  P.  Antonio  Secchi,  at 


Milan  in  1752.  Another  edition  was  published  in  1761  at  Amsterdam, 
in  two  quarto  yolumes,  with  a  commentary  by  Joannes  Oastillione. 

It  appears  to  be  unquestionable  that  Newton  was  the  first  who 
assigned,  in  a  general  form,  the  law  of  the  coefiS.cients  of  the  Binomial 
Theorem,  and  showed  that  the  theorem  was  true  when  extended  to  frac- 
tional and  negative  indices.  As  he  has  described  at  considerable 
length  in  his  letter  addressed  to  Mr.  Oldenburg,  dated  24th  October, 
1676,  how  he  was  led  to  the  discovery,  the  account  will  be  best  repre- 
sented in  the  form  it  is  given  by  Newton  himself.  He  writes: — 
"  About  the  beginning  of  my  mathematical  studies,  as  soon  as  the 
works  of  the  celebrated  Dr.  Wallis  fell  into  my  hands,  by  considering 
the  series  by  the  inteipolation  of  which  Dr.  Wallis  had  exhibited  the 
areas  of  the  circle  and  the  h3rperbola  in  his  'Arithmetic  of  Infinites,' 
mamely,  that  in  a  series  of  curves,  whose  common  base  or  axis  is  ar, 
and  the  ordinates 

(l-a»)*,  (l-awr)^,  (l-a?a?)*,  {l-xx)^',  (l-xx)^,  (l-^x)^',  &c., 
if  the  areas  of  every  other  of  them,  that  is, 

X,  x-^a^,  a?-|«"-|- Ja^,  x-'^a^+is^-  \o?,  &c. 
could  be  interpolated,  we  should  have  the  areas  of  the  intermediate 

ones,  of  which  the  first  {y—xxy  is  the  circle.  To  interpolate  these,  I 
observed  that  the  first  term  in  all  of  them  was  x^  and  that  the  second 
tonos  %3^y  ^,  \o^^  %3^y  &c.,  were  in  arithmetical  progression;  and 
that  therefore  the  first  two  terms  of  the  series  to  be  intercalated 
should  be 

For  interpolating  the  rest,  I  considered  that  the  denominators,  1,  3, 

5,  7,  &c.,  were  in  arithmetical  progression,  and  that  nothing  remained 

but  to  investigate  the  numeral  coefficients  of  the  numerators.    Now 

these  I  saw,  in  the  alternate  areas  that  were  known,  to  be  figures 

which  express  the  powers  of  the  number  11,  namely,  11^  IP,  11',  11*, 

11\  &c.,  that  is,  the  first  was  1 ;  the  second  1,  1 ;  the  third  1,  2,  1 ; 

the  fourth  I,  3,  3,  1 ;  the  fifth  1,  4,  6,  4,  1,  &c. 

"Wherefore  I  inquired  how,  from  the  first  two  figures  given  in 

these  series,  the  rest  might  be  derived ;  and  I  found  that  if  the  second 

figure  be  called  m,  the  rest  might  be  produced  by  a  continual  multi- 

,.      .        I.  ,     .  *»  ,  .         .     «i  — 0     «t— 1     f»— 2     w  — 3 

plication  of  the  terms  of  this  series  — r—  x     »     ^     ^     x     .     x  &c. 

*'  For  example,  let  the  second  term  m=4,  then  4  x  — 2~»  ^^^  ^®»  ^ 

m— 2 
will  be  the  third  term ;  and  6  x     „    ,  that  is  4,  the  fourth  term ;  and 

4  X  —7— I  that  is  1,  the  fifth ;  and  1  X  — t~»  that  is  0,  the  sixth  term.. 
With  which  the  series,  in  this  case,  terminates. 


''  Therefore  I  applied  this  rule  for  interpolating  the  series.  And 
since,  for  the  circle,  the  second  term  was  ^,  I  put  m  =  i,  and  the 

terms  arismg  were  2^2"    ^^  "8'  "8^    3~'  ^'  "^16' 
1      i-3  5 

+Yg^     A    >  ®'  ""128'  *^     so  on  in  infinitum.     Whence  I  came  to 

understand  that  the  area  of  the  circular  segment,  which  I  wanted  was 

^35         7  9    ' 

''And  the  like  method  maybe  made  use  of  to  interpolate  other 
series,  and  that  although  they  be  deficient  by  the  intervals  of  two  or 
more  terms  together.  Sucb  was  my  first  entry  upon  these  studies, 
wbich  bad  certainly  escaped  me,  bad  I  not  accidentally  cast  my  eye 
upon  some  loose  papers  that  came  in  my  way  a  few  weeks  ago.  But 
baying  arrived  at  this  length,  I  immediately  began  to  consider  that 
the  terms 

(l~«jr)^,  (l^ara?)^,  (1-a:^)^,  (l-xzy,  &c., 

tbat  is  to  say,  1,  l-a:»,  l-2«»+a?*,  l-3«'+8a?*-«*,  &c. 

might  be  interpolated  after  the  same  manner  as  the  areas  generated 

by  them ;  and  that  nothing  was  required  for  this  purpose  but  to  omit 

the  denominators  1,  3,  5,  7,  &c.,  which  are  in  the  terms  expressing 

the  areas.     That  is  to  say,  that  the  coefficients  of  the  terms  of  the 

1  3 

quantity  to  be  interpolated  (l—a;j?)*  or  {l  —  xxy,    or    in    general    of 

i^l-^xxy^,  arise  by  the  continual  multiplication  of  the  terms  of  this 

ni     m  — 1     ff»— 2     m—S     „         .    ■•    .i        -r  •     1    1. 

series  y  x  x  — ^  x     .    ,  &c.    And  thus  I  perceived,  for  ex- 

ample, that 

(1  ^xx)i  was  equivalent  to  l  —  l^—lx^—j^sfi  -  &c. 
(1  —  xx)^  was  equivalent  to  1  —  ^a^  —  ^  —  -^x^  —  &c. 
(1  —  xx)i  was  equivalent  to  1  —  -^a^ + ^ + tV^  H"  ^^' 
''And  thus  I  was  possessed  of  a  general  method  of  reducing 
radicals  to  infinite  series  by  the  rule  I  mentioned  towards  the  be- 
ginning of  my  former  letter^,  and  that  before  I  was  acquainted  with 


1  This  was  the  letter  of  Newton  to  Mr.  Oldenburg  of  the  date  18th  June,  1676, 
and  designated  in  the  Commercium  Epistolicnm,  Epistola  Newtoni  Prior.  The 
following  extract  from  the  letter  contains  the  rule  referred  to  with  the  examples 
i;here  given.     **  The  extraction  of  roots  is  much  shortened  by  this  theorem  : — 

m 
In  which  —  denotes  the  index  affirmative,  or  negative,  P  the  first  term  of  the 

binomial,  Q  the  second  term  divided  by  the  first,  and  A,  B,  C,  D,  &c.,  the  first, 
second,  tliird,  fourth,  &c. ,  terms  of  the  expansion  with  their  proper  signs. 

fiince  Algebraists  write  a\  a\  a^,  Ac.,  for  aa,  aaa,  aaaa^  &c.,  so  I  write  ai,  a^. 


the   extraction  of  roots.     But  once  this  was  known,  I  could  not  re- 
main long  ignorant  of  that  other.     For  in  order  to  prove  these  opera- 

as  for   a/«»    V«*i  s/ca^  ;   and    I    write  'a—K  a~',    a~',   &c.,— >  — » »  ^t;. 

And  so  1  write    aaX(a*'\-bbx)~^  foe     /  (a^-i-bbx)  *  "^^    a«^X(a'+Wx)-S     for 
aab 

If  the  last  expression  (a'+^M     he  compared  with  {P+FQ}*,  P^a*, 

hvJB  ^         in 

^=-^»   m=— 2,  »"8.    And  in  the  terms  of  the  expansion,  A=P»,  B='-^Qy 


tx.  1.  V(cc+a=B)  or  (cc+a«)*-c+--— +jg^.  -  j28^,+256^-,  &c. 
?oT  in  this  case, 


and  80  on. 

Lx.  2.  >/6  :(c»+c*x-a:»)or(c»-hc*a; -a;')*=c+-^^^  _ ^5-^-^ +,&c., 

as  will  be  clear  by  substituting  in  the  Rule,  1  for  w,  5  for  w,  c'  for  P,  and  ^-~  — 

c 

forQ. 

Also  —a;*  can  be  substituted  for  P,  and r-  for  0,  and  then 

(c.+c*x-x*)i»-x+-3;^+ __ ^^  ^^ 

The  former  method  is  to  be  chosen  if  a;  be  very  small,  the  latter  if  it  be  very 


great. 


Por  P«y»,  e--~,  W--1,  «-8,  -4=^,  -B-|^„  &c. 

Ex.4.  (^+.)t.,ef+¥^+^-^+,&c. 

3        9dt    81d^ 

ForP=i,  Q=3,  TO-4,  71=3,  A^d^,  &c. 
a 

Ex.  5.  (d+e)»-rf»+W*c+10(i«e»+10'«»+5<fe*-|-a«. 
HereP-<f,  <2«|,  m=5, 7i=l,  ^-d»,  -B-^^e=W*tf. 
Andao  C-lOi'eS  i)»10d"e»,  ^=5*^,  P«tf». 

For  here  P-rf,  Q-j  m«  -1,  n-1,  u4-d-»  or  j,  P«-^Q=  -—  C-^, 
1  ,,     ,  1     8«     6««     10«»  .     ^ 
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tions,  I  multiplied  1  — ^x^— J-i*— ^V-*^—  ^^-j  ^^^  itself,  and  I  found  the 
product  l—^co:,  the  rest  of  the  terms  in  infinitum  vanishing  by  the 
continuation  of  the  series. 

*'  And  thus  likewise  the  series  1  —  ^x-*— ^^—  /x^~  ^^-9  multiplied 
twice  into  itself  produced  l-^xx. 

*<  Which,  as  it  afforded  a  certain  proof  of  the  truth  of  these  conclu- 
sions, so  it  led  me  to  try  whether,  conversely,  these  series  which  thus 
appeared  to  be  the  roots  of  the  quantity  1  —x\  might  not  in  an  arith- 
metical manner  be  extracted  out  of  it.  The  matter  succeeded  to  my 
mind. 

''  Having  discovered  this,  I  entirely  neglected  the  interpolation  of 
series,  and  made  use  of  these  operations  only,  as  a  more  genuine 
foundation.  And  as  to  reduction  into  infinite  series  by  division,  it  did 
not  lie  long  concealed,  being  a  much  easier  affair.  Yea,  I  immedi- 
ately attempted  the  resolution  of  afiEected  equations,  and  obtained  it 
likewise.  Whence  the  ordinates,  the  segments  of  the  axes,  and  any 
other  right  lines,  were  at  once  known,  from  the  areas  or  arcs  of  the 
curves  being  given. 

**  About  that  time  the  plague  breaking  out,  obliged  me  to  get  hence 
(from  Cambridge)  and  think  of  something  else.  Notwithstanding,  I 
added  to  my  other  discoveries,  at  that  time,  a  certain  construction  of 
logarithms  deduced  from  the  area  of  the  hyperbola." 

After  shewing  how  this  construction  was  effected,  he  proceeds 
thus: — 

<<  I  am  ashamed  to  tell  to  how  many  places  of  figures  I  carried  these 
computations,  having  no  other  business  at  that  time ;  for  I  pleased 
myself  too  much  with  these  discoveries.  But  as  soon  as  that  in- 
genious performance  of  Nicolaus  Mercator  appeared,  I  mean  his 
Logarithmotechnia  (who,  I  doubt  not,  first  discovered  the  things  he 
published),  I  began  to  cool  a  little  upon  these  things,  suspecting  that 
either  he  understood  the  extraction  of  roots,  as  well  as  division  of 
fractions ;  or  at  least  that  others,  upon  the  discovery  of  division,  would 
find  out  the  rest  before  I  could  be  of  sufficient  age  for  writing. 

*^  Yet  about  the  same  time  that  performance  appeared,  I  communi- 

(d+c)*                                     V    &i*    Od*    Sl(^  \ 

Ex.  9. T  0TNx(d+e)  »-JVx     ---  —  +——_ --+,  &c.  { 

By  the  same  rule,  the  raising  of  powers  and  the  extraction  of  the  higher  roots  of 
numbers  can  be  readily  effected,  as  well  as  the  multiplication  and  division  of  powers 
and  roots  of  quantities.*' 

The  originals  of  the  letters,  one  of  date  ISth  June,  1676,  from  which  this  note 
is  extracted,  and  the  other  of  24th  October,  1676,  are  printed  in  the  Commercium 
Epistolicum,  the  former  noted  as  Epistola  Newtoni  prior,  and  the  latter  as  Kpistola 
Kewtoni  posterior. 


cated  to  Mr.  Collins,  by  the  intervention  of  our  friend  Dr.  Barrow  (tlien 
Professor  of  Mathematics  at  Cambridge),  a  certain  compend  of  these 
series,  in  which  I  had  signified  that  the  areas  and  lengths  of  all  curves, 
and  the  surfaces  and  contents  of  solids,  might  be  determined  from 
right  lines  given;  and  conversely,  from  these  given,  the  others 
might  be  found.  And  I  illustrated  the  method  I  pointed  out  by 
several  series.  After  this  a  literary  correspondence  having  arisen 
betwixt  us,  Mr.  Collins,  a  person  bom  for  the  advancement  of  Mathe- 
matical learning,  insisted  strongly  upon  my  publishing  these  and 
other  things.  Accordingly,  five  years  ago  (1671),  when  at  the  per- 
suasion of  my  friends  I  had  resolved  to  publish  a  treatise  on  the  re- 
fraction of  light  and  of  colours,  which  I  had  then  ready  by  me,  I 
beg^  to  turn  my  thoughts  again  to  these  series,  and  wrote  like- 
wise a  treatise  upon  them,  that  I  might  publish  them  both  together. 

"But  having  written  you  a  letter  upon  the  subject  of  the  reflecting 
telescope,  in  which  I  explained  briefly  my  notions  of  the  nature  of 
light,  something  unexpected  fell  out,  which  made  me  imagine  it  con- 
cerned me  to  write  to  you  speedily  about  printing  that  letter.  Im- 
mediately upon  the  back  of  this  I  met  with  frequent  interruption  from 
the  letters  of  several  persons  taken  up  with  objections  and  other 
things,  which  frightened  me  entirely  from  executing  my  design,  and 
made  me  find  fault  with  myself  for  my  imprudence,  that,  by  catching 
at  a  shadow,  I  had  been  so  far  deprived  of  the  peace  and  quiet  of  my 
own  mind,  which  is  a  thing  of  more  substantial  worth. 

**  About  that  time  James  Gregory,  from  one  certain  series  of  mine, 
which  Mr.  Collins  had  sent  him,  after  much  thought  and  application 
(as  he  himself  wrote  back  to  Collins),  lighted  upon  the  same  method, 
and  hath  left  a  treatise  upon  it,  which  we  hope  will  be  published  by 
his  friends.  Since,  considering  his  extraordinary  genius,  he  must 
have  added  many  new  discoveries  of  his  own,  which  would  be  a  great 
loss  to  Mathematical  learning,  should  they  be  lost. 

**  But  as  for  my  treatise  I  mentioned,  I  had  not  quite  finished  it  when 
I  gaye  over  my  design ;  and  I  have  had  no  inclination  to  this  very 
day  to  add  the  other  things  to  it.  For  it  wanted  that  part  in  which  I 
had  designed  to  explain  the  method  of  solving  such  problems  as 
cannot  be  reduced  to  quadratures,  although  I  had  laid  down  some- 
thing of  the  foundation  of  this  also.  However,  the  doctrine  of  infinite 
series  made  but  a  small  part  of  that  treatise. 

*'  I  put  a  good  many  things  together,  among  which  was  the  method 
of  drawing  tangents,  which  the  sagacious  Slusius  communicated  to  you 
some  two  or  three  years  ago ;  concerning  which  (at  the  desire  of  Mr. 
Collins)  you  wrote  back  that  I  was  in  the  knowledge  of  the  same.  We 
fell  upon  ity  it  is  true,  in  different  ways.  When  one  knows  the 
foundation  I  proceed  upon,  he  cannot  draw  tangents  after  any  other 
manner,  unless  he  designedly  go  out  of  the  right  way. 
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"  Moreover  there  is  no  stop,  whatever  way  the  equations  be  affected 
with  radicals,  affecting  one  or  both  the  indefinite  quantities ;  but 
without  any  reduction  of  such  equations  (which  would  render  the 
work  frequently  iu supportable)  the  tangent  is  directly  drawn.  And 
the  thing  is  much  the  same  in  the  questions  of  Maxima  and  Minima, 
and  some  others  which  I  shall  not  here  mention. 

^'  The  foundation  of  these  operations,  which  obvious  enough  in  itself 
(because  I  cannot  pursue  the  explication  of  it),  I  choose  rather  to 
conceal  in  an  anagram  thus : 

Qaccda  1  Seff7iSl9n4o4qrr489tl  2vx} 

''  Upon  this  foundation  I  have  endeavoured  likewise  to  render  the 
speculation  concerning  the  quadrature  of  curves  more  simple ;  and 
luLve  arrived  at  some  more  general  theorems.  .  .  ." 

It  appears  from  the  preceding  account  that  the  Binomial  Theorem 
having  been  discovered  at  first  by  the  method  of  trial  and  induction, 
Newton  gave  no  general  demonstration  of  it  beyond  the  verification 
of  its  truth  in  particular  instances,  by  multiplication  and  actual 
extraction. 

A  proof  of  the  Binomial  Theorem,  in  the  case  where  the  index  is  a 
positive  integer,  was  devised  by  James  Bernoulli,  founded  on  the 
pnnciple  of  combinations  and  figorate  numbers.  It  was  printed  in 
1714,  in  his  ''Are  Conjectandi,"  a  work  on  which  he  was  engaged  at 
the  time  of  his  death,  which  happened  in  1705.  His  mathematical 
works  were  collected  and  published  at  Geneva  in  the  year  1744,  in 
two  quarto  volumes. 

Besides  the  proof  of  the  Binomial  Theorem  depending  on  the 
principle  of  combinations,  there  is  another  proof,  in  which  it  is  shown 
iliat,  whether  the  index  be  integral,  fractional,  or  negative,  the  first 
term  of  the  expansion  of  (a -{-&)*  will  always  be  n^,  and  the  expansion 
will  proceed  by  positive  and  integral  powers  of  &  in  successive  terms 
beginning  widi  the  first  power  in  the  second  term,  and  that  die 
coefficient  of  the  second  term  is  always  equal  to  the  index. 

Euler's  more  general  proof  of  the  Binomial  Theorem  first  appeared 
in  the  New  Commentaries  of  St.  Petersburg  for  the  year  1774. 

Since  the  time  of  Newton  numerous  attempts  have  been  made  to 
devise  general  proofs  of  the  Binomial  Theorem.  Most  of  these  demon- 
strations have  been  considered  faulty  or  imsatisfactory.  The  Multi- 
nomial or  Polynomial  Theorem  is  an  extension  of  the  Binomial  Theorem ; 
a  general  formula  for  expressing  in  a  series  the  expansion  of  a  quantity 
consisting  of  any  number  of  terms,  whether  the  index  be  integral  or 
otherwise.   This  theorem  was  first  investigated  by  De  Moivre,  and  will 

^  The  anagram  contains  the  letters  of  the  following  sentence  : — "Data  eqnatione 
qtiotcnnqne  flaentes  qnantitates  inyolvente,  ilnidones  invenire ;  et  vice  Tersa.*'  That 
ia:  An  equation  -oeing  given  involving  any  number  of  flowing  quantities,  to  find 
the  fluxions,  and  conveitiely. 


"be  found  printed  in  the  volume  for  1697  of  the  Philosophical  Transac- 
tions of  the  Boyal  Society. 

The  invention  of  the  method  of  fluxions  and  fluents  by  Newton, 
and  that  of  the  diflerential  and  integral  calculus  by  Leibnitz,  constitute 
,  one  of  the  most  important  discoveries  in  the  mathematiccd  sciences. 
The  method  of  fluxions,  or  flowing  quantities,  is  distinguishable  from 
the  calculus  of  Leibnitz  in  its  conception  and  notation,  but  in  all  other 
respects  the  two  methods  are  identical  in  reference  to  their  ultimate 
*  objects. 

The  principles  of  this  calculus  are  applicable  for  the  investigation 
of  questions  relating  to  all  variable  magnitudes  whatever  which  admit 
of  increase  or  decrease. 

Leibnitz  first  published  in  the  Leipsic  Acts  for  October,  1684,  his 
paper  in  Latin,  which  contained  ''  A  New  Method  for  Maxima  and 
Minxma,  and  likewise  for  Tangents,  which  is  affected  neither  by 
fractions  nor  irrational  quantities,  and  a  peculiar  kind  of  calculus  for 
them."  Li  1685  he  published  the  inverse  method  of  his  calculusi  and 
in  1686  another  tract,  in  which  the  principles  of  his  methods  were 
farther  developed. 

Newton  published  his  great  work^  under  the  title  of  ''  Philosophies 
»«  .■.■■■.,-■  ■  ■     '  ■ 

^  The  following  is  an  extract  from  the  pre£Me  to  Dr.  Pemberton's  view  of  Sir 
Isaac  Newton's  Philosophy  : — 

"The  first  thoughts  which  gave  rise  to  the  Fiincipia^  he  had  when  he  retired 
fixym  Cambridge  in  1666^  on  accoant  of  the  plague.  As  he  sat  alone  in  a  garden,  bo- 
fell  into  a  speculation  on  the  power  of  gravity :  that  as  this  power  is  not  found 
sensibly  diminiwhed  at  the  remotest  distance  from  the  centre  of  the  earth  to  which 
-we  can  rise,  neither  at  the  tops  of  the  loftiest  buildings,  nor  even  on  the  summita 
of  the  highest  mountains,  it  appeared  to  him  reasonable  to  conclude  that  this  power 
most  extend  much  fiirther  than  was  usually  thought.  'Why  not  as  high  as  the 
moon  ?'  said  he  to  himself ;  and  if  so,  her  motion  must  be  influenced  by  it ;  perhaps 
she  is  retained  in  her  orbit  thereby.  However,  though  the  power  of  gravity  is  not 
aensibly  weakened  in  the  little  chimge  of  distance  at  which  we  can  place  ourselves. 
from  the  centre  of  the  earth,  yet  it  is  very  possible  that,  so  high  as  the  moon,  this 
power  may  differ  much  in  strength  from  what  it  is  here.  To  make  an  estimate  what 
might  be  the  degree  of  this  diminution,  he  considered  with  himself  that,  if  the 
moon  be  retained  in  her  orbit  by  the  force  of  gravity,  no  doubt  the  primary  planets 
Are  carried  round  the  sun  by  the  like  power.  And,  by  comparing  the  periods  of  the- 
mvobI  planets  with  their  distances  from  the  sun,  he  found  that  if  any  power  like 
gravity  held  them  in  their  courses,  its  strength  must  decrease  in  the  duplicate  pro« 
portion  of  the  increase  of  distance.  This  he  concluded  by  supposing  them  to  move 
in  perfect  circles  concentrical  to  the  sun,  from  which  the  orbits  of  the  greatest  part 
of  them  do  not  much  differ.  Supposing,  therefore,  the  power  of  gravity,  when 
extended  to  the  moon,  to  decrease  in  the  same  manner,  he  computed  whether  that 
force  would  be  sufficient  to  keep  the  moon  in  her  orbit.  In  this  computation,  being 
absent  from  books,  he  took  the  common  estimate  in  use  among  geographers  and  our 
seamen  before  Norwood  had  measured  the  earth,  that  sixty  English  miles  were  con- 
tained in  one  degree  of  latitude  on  the  surface  of  the. earth.  But  as  this  wos  u 
"very  faulty  supposition,  each  degree  containing  about  69^  of  our  miles,  his  compu* 
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Naturalis  Principia  Mathemacica,"  in  the  year  1G87,  in  ^vliiuli  he 
applied  the  principles  of  his  new  calculus  to  some  of  the  most  important 
problems  relating  to  the  system  of  the  world.  It  may  be  observed 
that  priority  of  publication  does  not  necessarily  determine  priority  of 
discoyery.  An  inventor  may  have  kept  the  secret  of  his  discovery  long 
before  he  made  it  known  publicly,  in  order  to  investigate  its  possible 
and  probable  consequences. 

Newton,  in  a  letter  to  Collins  of  the  date  10th  December,  1672, 
shows  that  he  had  found  a  method  of  drawing  tangents  to  curves,  and 
applies  it  to  an  example  without  giving  the  demonstration.  He  after- 
wards remarks  that  it  is  only  a  coroUary  of  another  general  method 
which  he  has  for  drawing  tangents,  squaring  curves,  finding  their 
lengths  aod  centres  of  gravity,  ftc. ;  involving  no  difficulties  arising 
from  radical  quantities.  The  evolution  of  radicals  into  series  was  a 
considerable  step  made  by  Newton  in  his  generalised  form  of  the 
Binomial  Theorem. 

In  the  beginning  of  the  year  1673  Leibnitz  first  visited  London, 
and  became  acquainted  with  Mr.  Oldenburg,  with  whom  he  commenced 

tation  did  not  answer  expectation;  whence  he  concluded  that  some  other  cause 
must  at  least  join  with  the  action  of  the  power  of  gravity  on  the  moon.  On  this 
account  he  laid  aside,  for  that  time,  any  fiirther  thoughts  upon  this  matter.  But 
some  yean  after,  a  letter  which  he  received  from  Dr.  Hooke  put  him  on  inquiring 
what  was  the  real  figure  in  which  a  body  let  fall  from  any  high  place  descends, 
taking  the  motion  of  the  earth  round  its  axis  into  consideration.  Such  a  body, 
having  the  same  motion,  which  by  the  revolution  of  the  earth  the  place  has  whence 
it  falls,  is  to  be  considered  as  projected  forward,  and  at  the  same  time  drawn  down 
to  the  centre  of  the  earth.  This  gave  occasion  to  his  resuming  his  former  thoughts 
concerning  the  moon,  and  Picard,  in  France,  having  lately  measured  the  earth,  by 
using  his  measures  the  moon  appeared  to  be  kept  in  her  orbit  purely  by  the  power 
of  gravity ;  and  consequently,  that  this  power  decreases,  as  you  recede  from  the 
centre  of  the  earth,  in  the  manner  our  author  had  formerly  conjectured.  Upon  this 
principle  he  found  the  line  described  by  a  falling  body  to  be  an  ellipsiB,  the  centre 
of  the  earth  being  one  focus.  And  the  primary  planets  moving  in  such  orbits  round 
the  sun,  he  had  the  satisfaction  to  see  that  this  inquiry,  which  he  had  undertaken 
merely  out  of  curiosity,  could  be  applied  to  the  greatest  purposes.  Hereupon  he 
composed  near  a  dozen  propositions  relating  to  the  motion  of  the  primaiy  planets 
about  the  sun.  Several  years  after  this,  some  discourse  he  had  with  Dr.  Halley, 
who,  at  Cambridge,  made  him  a  visit,  engaged  Sir  Isaac  Kewton  to  resume  again 
the  consideration  of  this  subject,  and  gave  occasion  to  his  writing  the  treatise 
which  he  published  under  the  title  of  '  Mathematical  Principles  of  Natural  Philoso- 
phy.' This  treatise,  full  of  such  a  variety  of  profound  inventions,  was  composed  by 
him  from  scarce  any  other  materials  than  the  few  propositions  before  mentioned, 
in  the  space  of  a  year  and  a  halt" 

At  the  beginning  of  a  letter  of  Kewton  to  Dr.  Bentley,  written  in  1692,  are  these 
words:— "When  I  wrote  my  treatise  about  our  system,  I  had  an  eye  upon  such 
principles  as  might  work  with  considering  men  for  the  belief  of  a  Deity,  and  nothing 
can  rejoice  mo  more  than  to  find  it  useful  for  that  purpose.  But  if  I  have  done 
the  public  any  service  in  this  way,  it  is  due  to  nothing  but  industry  and  patient 
thought*' 
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.s  correspondence.  In  one  of  liis  letters  written  in  London,  Leibnitz 
states  that  he  had  discovered  a  method  of  summing  certain  series  by 
means  of  their  differences.  Dr.  Pell  alleged  that  this  method  had  been 
already  published  in  a  work  by  Mouton,  Canon  of  St.  Paul's,  at  Lyons, 
**  On  the  Diameters  of  the  Sun  and  Moon."  Leibnitz  maintained  that 
he  had  invented  another  method,  which  he  explained,  of  forming  the 
•^differences,  and  thence  deducing  the  sums  of  series  of  fractions  whose 
numerators  are  unity,  and  whose  denominators  are  formed  by  certain 
laws.  And  he  further  relates,  that  on  the  further  consideration  of  his 
former  remarks  on  the  differences  of  nimibers  in  connection  with  his 
Tecent  meditations  on  geometry,  he  hit  upon  this  calculus  about  the 
year  1676. 

Newton  published  his  Opticks,  or  a  treatise  of  the  reflexions,  re- 
fractions, inflexions,  and  colours  of  light,  4to,  in  English,  in  1704. 
JUbo  in  the  same  volume,  two  treatises  (in  Latin)  of  the  Species  and 
Magnitudes  of  Curvilinear  Figures. 

In  the  preface  he  remarks : — 

"  In  a  letter  written  to  Mr.  Leibnitz  in  the  year  1676,  and  published 
by  Dr.  Wallis,  I  mentioned  a  method  by  which  I  had  found  some 
general  theorems  about  squaring  curvilhiear  figures,  or  comparing 
them  with  the  conic  sections,  or  other  the  simplest  figures  with  which 
ihey  may  be  compared.  And  some  years  ago  I  lent  out  a  manuscript 
^containing  such  theorems,  and  having  since  met  with  some  things 
copied  out  of  it,  I  have  on  this  occasion  made  it  public,  prefixing  to  it 
an  IfUroduetion,  and  subjoining  a  solution  containing  that  method. 
And  I  have  joined  with  it  another  small  tract  concerning  the  curvilinear 
figures  of  the  second  kind,  which  was  also  written  many  years  ago, 
and  made  known  to  some  friends,  who  have  solicited  the  making  it 
public." 

The  following  is  the  "  Introduction"  referred  to  in  the  pre£eu)e  to 
the  "  Tractatus  de  Quadratura  Curvarum  " : — 

**  I  consider  mathematical  quantities  in  this  place  not  as  consisting 
of  very  small  parts,  but  as  described  by  a  continued  motion.  Lines 
are  described,  and  therefore  generated  not  by  the  apposition  of  parts, 
but  by  the  continued  motion  of  points ;  superficies  by  the  motion  of 
lines ;  solids  by  the  motion  of  superficies ;  angles  by  the  rotation  of 
the  sides;  portions  of  time  by  a  continual  flux;  and  so  in  other 
quantities.  These  geneses  really  take  place  in  the  nature  of  things, 
omd  are  daily  seen  in  the  motion  of  bodies.  And  after  this,  manner 
the  ancients,  by  drawing  moveable  right  lines  along  immoveable  right 
lines,  taught  the  genesis  of  rectangles.  Therefore  considering  that  quan- 
titiee,  which  increase  in  equal  times,  and  by  increasing  are  generated, 
become  greater  or  less  according  to  the  greater  or  less  velocity  with 
which  they  increase  and  are  generated,  I  sought  a  method  of  determin- 
ing quantities  from  the  velocities  of  the  motions  or  increments  with 
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"whicli  they  are  generated ;  and  calling  these  velocities  of  the  motions 
or  increments  Jltixtons,  and  the  generated  quantities  Jluents,^  I  fell  by 
degrees,  in  the  years  1665  and  1666,  upon  the  method  of  fluxions, 
which  I  have  made  use  of  here  in  the  quadrature  of  curves." 

^  Early  notice  of  FlaxionB,  Nov.  13,  1665,  firom  an  original  paper  in  Newton's 
handwriting  belonging  to  the  Earl  of  Macclesfield,  first  printed  in  the  Appendix  No. 
II.  of  the  "Historical  Essay  on  the  first  publication  of  Sir  Isaac  Newton's  Principia» 
by  Stephen  Peter  Rigaud,  M.A.,  F.R.S.,  Savilian  Professor  of  Astronomy,  Oxford, 
8vo,  1888  "  :— 

"An  equation  being  given  expressing  the  relation  of  two  or  more  lines  x,  y,  s, 
&c.,  described  in  the  same  time  by  two  or  more  moving  bodies,  A,  B,  C,  &c,  to  find 
the  relation  of  their  velocities,  p,  q,  r,  &c. 

lUsoltUion, 

Set  all  the  terms  on  one  side  of  the  equation  that  they  become  equal  to  nothing* 
X                               y                               z 
A  B  C 

And  fimt  multiply  each  term  by  so  many  times  -  as  sb  hath  dimensions  in  that 

term. 

Secondly,  multiply  each  term  by  as  many  times  ^  as  ?/  hath  dimensions  in  it. 

y 

Thirdly,  multiply  eaxih.  term  by  so  many  times  -  as  s  hath  dimensions  in  it,  &c 

z 

The  sum  of  all  these  products  shall  be  equal  to  nothing :  which  equation  gives  the 
relation  of  2?,  q,  r,  &c. 

Or  more  generally  thus : 

Order  the  equation  according  to  the  dimensions  of  x,  and,  putting  a  and  b  for 
any  two  numbers,  whether  rational  or  not,  multiply  the  terms  of  it  by  any  part  of 
this  progression,  viz. : 
ap^Zbp        ap'^2bp        ap-bp        ap       ap+bp        ap+2bp        ap-\-Zbp     . 

-^^— —     9       — — — — .     ,       ,       ■     f  ■      ■     f        -^— ,     «5. 

X  X  X  X  XXX 

Also,  order  the  equation  according  to  y,  and  multiply  the  terms  of  it  by  this 
progression,  viz. : 

ay-2^        aq-bq         aq        aq-\-bq         <i<7+2&jr        aq+Uq    - 

"^— — ^~~      9        — — —     ,        —     I  '  9        ■  9  «     dbC* 

y  y         y         y  y  y 

Also  order  it  according  to  the  dimensions  of  s,  and  multiply  its  terms  by  this 
progression : 

cr— 3dr        dr— 2&r        ar^br         ar        ar'\-br        ar-}-2br       ar-^Zbr    . 
:: »     ; »     7 —   »      -—    9     ;; 9     9      f  *c« 

•  Z  Z  Z  Z  z  Z 

The  sum  of  all  these  products  shall  be  equal  to  nothing  :  which  equation  gives 
the  relation  otp,  q,  r,  &c. 

Example  1.— If  the  propounded  equation  be  si?—2xxy+i3:^'\-7xyy'^y*—l0^^0,^ 
by  the  precedent  rule  the  first  operation  will  produce  8a»p— 42Kp4-&^-f  7yyps 

the  second  produceth  —  2xxq-\-lixyq — dyyq ; 

wliich  two  added  together  make 

^X3cp-ixyp-]-Sxp-i-7yyp--2xxq'\-lixyq^Zyyq^0. 

Example  2.^If  the  equation  be  9?'^2ahf+sgx^yyx-\'syij^z^^(!^ 
the  first  operation  will  produce  dpxx-\-pzz^pyy ; 
the  second  produceth  ^2aaq''2yxq'{-2zyq ; 
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In  tho  letter  from  Collins  to  Nfifwton  dated  5tli  March,  1677,  it  U 
stated  that  Leibnitz,  having  spent  a  week  in  London  in  the  month  of 
October,  1676,  had  placed  in  the  hands  of  Collins  some  papers  of 
which  copies  or  extracts  should  be  sent  to  Newton  immediately. 


the  third,  2:=rr+y7^— 8wr.     The  sum  of  which  u. 
8/>ayf+^«  — |jyy — 2aa<7— 2ya^ + 2ayg+ 2s3T+ jfyr — 3acr  s=  0. 

DemonstratioTL 
Tf  two  bodies  A  and  B  xnoye  uniformly,  the  one  from  A  to  C,  E,  and  O ;  the 
other  from  ^  to  D,  i^,  nnd  If,  in  the  same  lines  ;  then  are  the  lines  AO  and  BD^ 
CE  and  J)F,  EO  and  FH,  as  their  TelodtieB  p  and  q  : 

A,  C     EG  B  D     F      H 

I 1 — H  I 1 — I — I 

and  though  they  move  not  uniformly,  yet  are  the  infinitely  little  lines,  which  each 
moment  they  describe,  as  their  velocities  are,  which  they  hav®  while  they  describe 
them. 

As,  if  the  body  A,  with  the  velocity^,  describe  the  infinitely  little  line  o  in  one 
moment,  in  the  same  moment  the  body  B^  with  the  velocity  ^,  will  describe  the 

line  ^    Yqx  f\q\\o\*^    So  that  if  the  described  lines  be  a;  and  «  in  ona 

momcntp  they  will  be  z+o  and  y-\-^  in  the  next 

Now,    if  the  -equation   expressing   the  relation    of  the   lines  «  «nd  y  be^ 

nc+asc— 2^=»0,  I  may  substitute  a;+o  and  y-\ — -  into  the  place  of  x  and  y,  because 

thcjy  as  well  as  x  and  y,  do  signify  the  lines  described  by  tho  bodies  A  and  B. 

By  doing  so,  there  results  ra5+fv+asc+2a»+(»— yy— -^^— 2^»0, 

V       PP 
But «;+«?— yy=0,  by  supposition : 

there  remains,  therefore,  yo+2a»-f  oo— -^— ^^"O^ 

P       PP 

and  dividing  it  by  o,  'tis  r+2x+d-— -^-0^. 

P      PP 
Also  those  terms  in  which  o  is,  are  infinitely  less  than  those  in  which  it  is  not* 

'Therefore  blotting  them  out,  there  rests  r+2a;— ^—o :  or  pr+2px»2qy. 

Hence  may  be  observed:  first,  that  those  terms  ever  vanish  in  which  o  is  not, 
becsuae  they  are  the  propounded  equation ;  secondly^  the  remaining  equation  being 
dinded  by  <>,  those  teems  also  vanish  in  which  o  still  remains,  because  they  are 
infinitely  little ;  thirdly,  that  the  still  remaining  terms  will  ever  have  that  form, 
which  by  the  first  preceding  rule  they  should  have. 

The  rule  may  be  demonstrated  after  the  same  manner,  if  there  be  three  or  more 
unknown  quantities^  a^  y,  s,  &c." 

Hitherto  we  have  copied  the  words  of  this  discourse.  In  the* same  disoonras 
time  foilowB  the  application  of  this  metJiod  tp  the  drawing  of  tangents,  by  finding 
the  determination  of  the  motion  of  any  point  which  describes  the  curve ;  and  also 
to  the  finding  the  radius  of  curvity  of  any  curve  at  any  point,  by  making  the  per- 
pendienlar  to  the  curve  move  upon  it  at  right  aqgles,  and  finding  that  point  of 
.the  perpendicular  which  is  in  least  motion.  For  that  point  will  be  .the  centre  of 
the  curvity  of  the  curve  at  that  point  upon  which  the  perpendicular  stands. 

In  another  leaf  of  the  same  waste-book  the  same  method  is  set  down  in  other 
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Collins  makes  no  note  of  the  subject  of  these  papers,  and  they  do  not 
appear  in  the  Oommercium  Epistolicum.  The  letter  of  date  5th  Marck^ 
1677,  is  printed  complete  in  the  works  of  Dr.  Wallis,  p.  646,  vol.  iii. 

Sir  Isaac  Newton's  treatise  on  the  Method  of  Fluxions  was  translated 
into  English  by  John  Colson,  F.B.S.,  Master  of  Sir  Joseph  William* 
son's  Free  Malhematical  School  at  Bochester,  and  published  with  a. 
commentary  in  a  quarto  volume  in  1736,  before  the  Latin  originaT 
(which  was  written  most  probably  before  the  end  of  the  year  1676)  had. 
been  made  public. 

In  the  first  lemma  of  the  first  section  of  the  Principia,  Newton 
lays  down  the  principle  of  his  new  calculus :  namely,  that — 

"  Quantities  and  the  ratios  of  quantities  which  in  any  finite  tim» 
continually  tend  to  equality,  and  which  before  the  end  of  that  time^ 
approach  nearer  the  one  to  the  other  than  by  any  giren  difference,  be- 
come ultimately  equal." 

The  calculus  of  fluxions  is  founded  on  the  idea  that  all  mag^tude» 
may  be  generated  by  a  continued  flux  or  motion,  as,  for  instance,  of 
geometrical  magnitudes,  a  line  by  the  motion  of  a  point ;  a  superficies, 
by  the  motion  of  a  line ;  and  a  solid  by  the  motion  of  a  surface ;  and 
these  motions  may  be  supposed  to  commence  at  any  point  of  a  line^ 
or  at  any  line  of  a  surface,  or  at  any  surface  of  a  solid. 

In  this  method  quantities  are  not  considered  in  reference  to  their 
parts,  but  in  reference  *to  the  velocities  with  which  they  are  formed, 
or  rather  by  the  quantity  of  motion  by  which  they  are  generated. 
Thus  the  velocities  of  the  generating  point,  line,  and  surfieu^  are 
named  the  fluxions  of  the  line,  the  surface,  and  the  solid  respectively. 
And  the  variable  or  flowing  line,  surface,  and  solid  are  called  the> 
fluents  of  the  respective  fluxions. 

words,  and  floxioiu  applied  to  their  fluents  are  represented  by  pricked  letters.  Andl 
this  paper  is  dated  May  20,  1665. 

In  another  leaf  of  the  same  waste-book  the  method  of  fluxions  is  described  with^ 
out  pricked  letters^  and  dated  May  16,  1666. 

In  a  small  tntct,  dated  in  October,  1666,  the  same  method  is  again  set  dowm 
without  pricked  letters,  and  how  to  proceed  in  equations  involying  facts  or  surds  ;u 
and  seTcral  rules  are  gi^en  for  returning  back  from  the  fluents  to  the  fluxions ;  and 
in  doing  this  the  areas  of  curres  are  represented  by  prefixing  rectangles  to  the  ordi- 

nates.    As  if  s  be  the  absciss^  and  a,  b  represent  giren  quantities,  and  -r 

be  the  ordinate,  the  area  or  fluent  of  the  ordinate  is  represented  by  Q  —r . 

ao+xx 

After  this,  the  method  is  appUed  in  this  tract  to  the  solving  of  problems  oon^ 

ceming  tangents,  cunratnres  of  euryes,  the  greatest  or  least  curvatures,  the  squaring 

of  curvilinear  figures,  comparing  their  areas  with  the  areas  of  simpler  curves, 

finding  the  lengUis  of  curves,  finding  such  curves  whose  lengths  may  be  defined  by 

equations,  or  by  the  lengths  of  other  curves,  and  about  the  centres  of  gravity  of 

figures.    And,  for  finding  the  curvature  of  curves  without  calculation,  the  following 

rule  is  set  down :  Let  X  signify  the  given  equation.     •    •    •    • 
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The  fundamental  proposition  is  this : — ^that  the  fluxions  of  quan- 
tities are  proportional  to  the  nascent  or  ultimate  increments  or  decre- 
ments of  those  quantities;  and  it  consists  of  two  parts.  One  is 
oonoemed  in  showing  how  to  find  the  relation  of  the  increments  of 
variable  quantities,  having  given  the  relations  of  the  quantities  them- 
selves; and  the  other  is  concerned  in  finding  the  relations  of  the 
variable  quantities  themselves  freed  from  the  consideration  of  their 
increments.  Or  more  briefly,  to  find  the  fluxions,  having  given  the 
fluents ;  and  conversely,  to  find  the  fluents,  having  given  the  fluxions. 

If  two  variable  quantities  begin  to  increase  and  cease  in  any 
finite  time,  the  quantities  so  generated  have  a  ratio  to  one  another, 
and  this  ratio  may  be  considered  under  diflerent  circumstances.  The 
increments  of  the  magnitudes  produced  in  finite  portions  of  time  are 
supposed  of  finite  magnitude,  but  may  be  gradually  diminished  so  far 
as  to  become  so  small  as  may  be  called  evanescent  quantities,  and 
that  a  notion  may  be  formed,  not  of  the  absolute^  but  of  the  relative 
magnitude  of  the  two  quantities  on  the  point  of  vanishing,  but  which 
have  not  actually  vanished.  The  nascent  or  ultimate  ratio  of  two 
variable  quantities  which  begin  or  cease  to  increase  at  the  same 
moment  of  time  is  the  ratio  of  their  initial  or  final  velocities ;  and 
their  nascent  or  ultimate  ratio  is  the  ratio  of  their  velocities  at  the 
same  moment  they  begin  or  cease  to  increase. 

Newton  represented  known  and  determinate  quantities  by  the  first 
letters  of  the  alphabet,  a,  3,  e,  &c.,  and  variable  quantities,  which  he 
called  fluentif  by  the  last  letters,  s,  y,  x,  Scq.  -  And  the  velocities  by 
which  fluents  are  increased  by  their  generating  motions  he  named 
the  fluxions  of  such  quantities,  and  represented  them  by  the  same 
letters  with  a  point  placed  over  each  letter,  as  the  fluxion  of  x  is  de- 
noted by  X.  And  if  the  fluxions  were  variable  he  considered  the  veloci- 
ties with  which  they  increased  the  same  as  the  second  fluxion  of  the 
first  quantity,  and  the  fluxion  of  x  was  denoted  by  x,  and  in  similar 
way  the  fluxion  of  x  by  £,  and  so  on  for  the  higher  fluxions. 

The  moments  of  flowing  quantities,  that  is  their  indefinitely  small 
parts,  by  the  accession  of  which  in  indefinitely  small  portions  of  time 
they  are  continually  increased,  are  as  the  velocities  of  their  flowing 
or  increasing.  If  the  moment  of  any  one,  as  «,  be  represented  by  the 
product  xo  of  the  velocity  x  into  an  indefinitely  small  quantity  o,  the 
moment  of  y  will  be  represented  by  yo,  because  xo,  yo  are  to  each 
other  as  ir  to  y.  Since  the  moments  xo  and  yo  are  the  indefinitely 
small  accessions  of  the  flowing  quantities  x  and  y,  by  which  these 
quantities  are  increased  through  the  indefinitely  small  intervals  of 
time,  it  follows  that  these  quantities  x  and  y,  after  any  indefinitely 
small  interval  of  time,  become  x-\-xo  and  y-^yo*  And  therefore  an 
equation  which  expresses  the  relations  of  the  flowing  quantities  will 
express  the  relation  between  X'\-xo  and  y+yo,  as  between  x  and  y. 
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In  the  second  lemma  to  tlie  seventh  proposition  in  the  second  book 
of  thd  Frincipia,  Newton  gives  the  follomng  explanation  of  the 
moment  of  a  generated  quantity  when  it  consists  of  more  terms  than 
one: — 

'*  I  call  every  quantity  generated  which  is  not  made  by  addition 
or  subduction  of  divers  parts,  but  is  generated  or  produced  in  arith* 
metic  by  the  multiplication,  division,  or  extraction  of  the  root  of  any 
terms  whatsoever ;  in  geometry  by  the  invention  of  contents  and  sides, 
or  of  the  extremes  and  means  of  proportionals.  Quantities  of  this 
kind  are  products,  quotients,  roots,  rectangles,  squares,  cubes,  square 
and  cubic  sides,  and  the  like.  These  quantities  I  here  consider  as 
variable  and  indetermined,  and  increasing  or  decreasing  as  it  were  by 
a  peipetual  motion  or  flux ;  and  I  understand  their  momentaneous 
increments  or  decrements  by  the  name  of  moments ;  so  that  the  in* 
crements  may  be  esteemed  as  added  or  affirmative  moments,  and  the 
decrements  as  subducted  or  negative  ones.  But  take  care  not  to  look 
upon  flnite  particles  as  such.  Finite  particles  are  not  moments,  but 
the  quantities  generated  by  the  moments.  We  are  to  conceive  them 
as  the  first  nascent  principles  of  finite  magnitudes.  Nor  do  we  in  this 
lemma  regard  the  mag^tude  of  the  moments  but  their  first  propor* 
tion  as  nascent.  It  will  be  the  same  thing  if,  instead  of  moments,  we 
use  either  the  velocities  of  the  increments  and  decrements  (which  may 
also  be  called  the  motions,  mutations,  and  fluxions  of  quantities),  or 
any  finite  quantities  proportional  to  these  velocities.  The  coe£Gu)ient 
of  any  generating  side  is  the  quantity  which  arises  by  applying  the 
quantity  generated  to  that  side. 

''  Wherefore  the  sense  of  the  lemma  is,  that  if  the  moments  of  any 
quantities,  A,  B,  (7,  &c.,  increasing  or  decreasing  by  a  perpetual  flux, 
or  the  velocities  of  the  mutations  which  are  proportional  to  them,  be 
called  0,  6,  e^  &c.,  the  moment  or  mutation  of  the  generated  rectangle 
AB  will  be  aB-\-hA;  the  moment  of  the  generated  volume  ^^C, 
will  be  aBC+hAC+cAB ;  and  the  moment  of  any  power  or  root  -4* 
will  be  fwtf^'""^" 

In  the  method  of  fluxions  the  object  is  to  find  the  fluxion  of  any 
variable  quantity,  which  is  a  direct  process,  and  in  general  is  easily 
and  readily  effected.  But  where  it  is  required  to  find  the  flaenta 
or  variable  quantities  of  given  fluxions,  the  inverse  process  cannot 
be  followed  in  all  cases.  For  though  every  variable  quantity  has 
its  peculiar  fluxion,  yet  every  fluxion  has  not  its  peculiar  fluent  in 
a  finite  form.  This  circumstance  renders  the  inverse  process  more 
difficult  and  more  operose  than  the  direct,  except  in  such  cases  where 
the  inverse  process  is  directly  possible.  But  in  cases  where  the  fluxion 
is  not  reducible  to  known  forms,  the  fluents  may  be  found  approxi- 
mately by  means  of  infinite  series  or  other  methods. 

In  tke  method  of  Leibnitz   his   process  is  purely  algeboMoaL 
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Qoaniities  are  not  considered  as  generated  by  the  yelocities  of  the 
motions  by  which  they  are  supposed  to  be  formed,  but  by  the  addi- 
tion or  subtraction  of  parts  of  finite  magnitude  to  or  from  the  variable 
quantities ;  and  these  parts  are  called  increments  or  decrements  of  the 
quantities  to  which  they  belong,  because  that  by  the  addition  or  sub- 
traction of  them  the  variable  quantities  are  increased  or  diminished. 
And  the  object  is  the  same  as  in  the  method  of  fluxions — ^namely,  to 
:find  the  limiting  ratio  of  the  increments  or  decrements  of  tOie  variable 
•quantities.  The  method  of  increments  'or  differences  also  consists  of 
two  parts,  one  being  concerned  in  finding  the  increments  firom  the 
^ven  quantities,  called  integrals ;  the  converse,  in  finding  the  integrals, 
liaving  given  the  limiting  ratio  of  the  increments. 

As  in  the  method  of  fluxions  there  are  first,  second,  third,  &c., 
fluxions,  so  in  the  method  of  increments  there  are  first,  second,  third, 
^.,  diflerences  or  difPerentials. 

For  the  science  of  indefinite  quantity  recently  discovered,  which  is 
•chiefly  concerned  with  sums  and  differences,  new  signs  were  devised 
by  Leibnitz.  He  states  that  dx  signifies  an  element,  the  momentaneous 
increment  or  decrement  of  the  quantity  x  itself  continually  increas- 
ing or  decreasing.  It  is  also  named  the  difference  between  two  succes- 
sive values  of  Xy  when  the  diflerence  is  so  small  that  it  cannot  be 
assigned.  In  the  same  manner  d{xy)  is  such  an  element  of  the 
quantity  xy^  which  when  expanded  gives  xdy+ydx.  Moreover  ddx 
denotes  the  diflerence  of  a  diflerence ;  for  the  quantity  dx  itself  is  not 
always  constant,  but  in  general  increases  or  decreases  continually. 
And  in  the  same  way  dddx  or  d^x  denotes  the  third  diflerence ;  and  in 
general  d^x  may  arise  when  the  exponent  of  the  diflerence  is  inde- 
terminate. 

The  reverse  of  the  difference  is  tlie  mm.  Since  while  a  variable 
quantity  is  continually  decreasing  until  it  vanishes,  the  quantity  itself 
is  always  the  sum  of  all  the  successive  differences,  so  that  dfydx 
means  the  same  as  ydx.  But  fydx  signifies  an  area  which  is  com- 
posed of  all  the  rectangles,  the  length  of  every  one  of  which  is  y  and 
breadth,  the  increment  dx.  So  also  fdtfydx  denotes  a  volume  which 
is  composed  of  all  the  elemental  surfaces  or  areas,  such  as  ydx  multi- 
plied into  the  element  dz  corresponding  to  it.^ 

And  in  a  letter  to  Dr.  Wallis  of  date  30th  March,  1699,  Leibnitz 
staies  that  it  is  convenient  to  imagine  quantities  infinitely  small,  such 
as  when  an  assignable  ratio  between  them  is  sought,  they  cannot  be 
Accounted  as  nothing,  but  that  they  may  be  rejected  as  often  as  they 
are  added  to  quantities  incomparably  greater  according  to  the  lemmas 
lie  had  printed  in  the  Leipsic  Acts.  As  if  x+dx  stand  by  itself,  dx  is 
rejected.    If  otherwise  is  sought  the  diflerence'(;7)-"d?or  d;+<£r— :p. 

1  G.  G.  Lcibnitii  Opera  Omnia,  Generss,  1768.  Tom  III.,  p.  419-420.  No.  Ixxv. 
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then  the  assignable  quantity  vanishes.  And  in  like  manner  xdx  anct 
dxdx  cannot  stand  together  in  the  product  ot  x-^-dx  and  dx,  Henc» 
if  ^  be  differentiated  and  be  written  («)(y)-^y  ;  putting  x-^-dx  for 
(a?)  and  y-\-dy  for  (y),  then  («)(y)— «y  is  equal  to  xdy-^-ffdx+dxdy,. 
irom  which  the  assignable  quantity  vanishes,  and  dxdy  is  to  be  re* 
jected  as  incomparably  less  than  xdy+ydx,  and  d{xii)  becomes  equal 
to  xdy^ydx. 

It  has  been  thought  by  some  persons,  because  fluxions  are  pro- 
portional to  the  nascent  increments  of  quantities,  that  Newton  has 
introduced  the  consideration  of  infinitely  small  quantities  into  hi9 
method  of  fluxions.  In  this  supposition  they  are  mistaken ;  for  h& 
considers  only  the  nascent  or  ultimate  ratios  of  quantities  when  they 
begin  to  exist  or  when  they  vanish,  not  just  after  they  have  become 
something,  or  just  before  they  vanish,  but  at  the  very  moment  they 
do  so. 

And  further,  it  may  be  added,  that  the  principles  of  the  new 
calculus  have  been  scrupulously  examined  and,  by  some  clever  men,, 
ignominiously  rejected,  perhaps  not  fully  understood  from  the  con* 
ciseness  with  which  they  are  explained.  A  discourse  was  published, 
about  five  years  after  Newton's  death,  addressed  to  *'an  infidel 
mathematician,"  by  a  personage  bearing  the  titles  of  learned 
and  right  reverend.  Having  assumed  the  garb  of  "the  minute 
philosopher,"  in  sarcastic  criticisms  he  attempted  to  expose  the  new 
calculus  by  representing  the  doctrine  of  fluxions  as  founded  on 
inconceivable  principles,  and  replete  with  false  and  specious  reason- 
ings.^ He  pretended  not  to  object  to  the  conclusions  of  the  science,, 
but  to  its  principles  and  logic,  and  ironically  describes  a  fluxion  as 
<<  the  ghost  of  a  departed  quantity." 

In  a  scholium  at  the  end  of  the  first  section  of  the  Principia, 
Newton  anticipated  the  objections  which  might  be  made  to  the  nascent 
and  ultimate  ratios  of  evanescent  quantities.     He  remarks : — 

''Perhaps  it  may  be  objected  that  there  is  no  ultimate  proportion^ 
of  evanescent  quantities,  because,  before  the  quantities  have  vanished, 
they  have  not  reached  their  ultimate  propoition ;  and  when  they  have 

1  One  of  the  most  important  pdpcni  on  the  suhjeet  which  appeared  at  that 
time  was  written  by  Mr.  Beigamin  Robins,  entitled,  "  A  Disooarse  concerning  the 
Nature  and  Certainty  of  Sir  Isaac  Newton's  Method  of  Fluxions,  and  of  Prime  and 
Ultimate  Ratios."  It  is  printed  in  the  second  Tolome  of  his  Mathematical  Tracts^ 
which  were  published  in  1761. 

The  most  complete  answer,  however,  to  the  Irish  bishop's  objections  was  made 
by  Colin  Maclaurin,  in  his  Treatise  on  Fluxions,  published  in  174^  in  two  quarto 
Tolumes.  In  this  work  all  the  objections  against  the  doctrine  of  fluxions  are  com- 
pletely refuted,  and  whateTer  metaphysical  doubts  may  be  started  hereafter  about 
the  nature  of  the  new  calculus,  the  mathematiciau  has  no  more  concern  with  them 
than  with  the  famous  sophisms  about  space  and  motion. 
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▼aint>liod  there  is  no  proportion  at  all.  But  by  the  same  argument  it 
may  be  allegedi  that  a  body  arriving  at  a  certain  place  and  there 
•topping,  has  no  ultimate  Telocity,  because  the  velocity,  before  the 
body  comes  to  the  place,  is  not  the  tiltimate  velocity ;  and  when  it  has 
arrived,  there  is  no  velocity.  The  answer  is  easy.  For  by  the  ulti- 
mate velocity  is  meant  that  with  which  the  body  is  moved,  neither 
before  it  arrives  at  its  last  place  and  the  motion  ceases,  nor  after,  but 
4U  the  very  instant  it  arrives ;  that  is,  that  velocity  with  which  the  body 
arrives  at  its  last  place,  and  with  which  the  motion  ceases. 

''  And  in  like  manner,  by  the  ultimate  ratio  of  evanescent  quantities 
18  to  be  understood  the  ratio  of  the  quantities,  not  before  they  vanish, 
nor  afterwards,  but  the  ratio  with  which  they  do  vanish.  In  like 
manner  the  first  ratio  of  nascent  quantities  is  that  with  which  they 
begin  to  be.  And  the  first  or  last  sum  is  that  with  which  they  begin 
and  cease  to  be  (or  to  be  augmented  or  diminished).  There  is  a  limit 
^ivhich  the  velocity  at  the  end  of  the  motion  may  attain,  but  not  exceed. 
This  is  the  ultimate  velocity.  And  there  is  the  like  limit  in  all  quan- 
tities and  proportiohs  that  begin  and  cease  to  be.  And  since  such 
limits  are  certain  and  definite,  to  determine  the  same  is  a  problem 
strictly  geometrical.  But  whatever  is  geometrical  we  may  be  allowed 
to  use  in  determining  and  demonstrating  every  other  thing  that  is 
likewise  geometricaL 

''It  may  also  be  objected  that  if  the  ultimate  ratios  of  evanescent 
quantities  are  given,  their  ultimate  magnitudes  will  also  be  given ; 
and  80  all  quantities  will  consist  of  indivisibles,  which  is  contrary  to 
what  Euclid  has  demonstrated  concerning  incommensurables  in  the 
tenth  book  of  his  Elements.  But  this  objection  is  founded  on  a  false 
eapposition.  For  those  ultimate  ratios  with  which  quantities  vanish 
aie  not  truly  the  ratios  of  ultimate  quantities,  but  limits  towards 
which  the  ratios  of  quantities  decreasing  without  limit  do  always 
converge,  and  to  which  they  approach  nearer  than  by  any  given 
ddifference,  but  never  go  beyond,  nor  in  effect  attain  to,  till  the 
quantities  are  diminished  in  infinitum.  This  thing  will  appear  more 
evident  in  quantities  infinitely  great.  If  two  quantities  whose  differ- 
ence is  given  be  augmented  in  infinitum^  the  ultimate  ratio  of  these 
quantities  will  be  given — namely,  a  ratio  of  equality ;  but  it  does  not 
^ence  follow  that  the  ultimate  or  greatest  quantities  themselves, 
vhoee  ratio  that  is,  will  be  given.  Therefore,  when  mention  is  made 
of  quantities  as  least,  or  evanescent,  or  ultimate,  it  must  not  be 
supposed  that  quantities  of  any  determinate  magnitude  are  meant,  but 
indi  as  are  conceived  to  be  always  diminished  without  end." 

And  not  only  was  the  truth  of  the  principles  of  the  new  calculus 
doubted,  and  by  many  able  men  rejected,  but  also  so  early  as 
the  year  1699  the  question  was  raised  whether  Leibnitz  rather  than 
Mewton  was  not  the  original  inventor  of  this  new  method  of  mathe- 
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matical  reasoning.  A  long  and  angry  controversy  was  carried  on  in 
favour  of  the  claims  of  Leibnitz,  supported  on  one  side  by  the  editors 
of  the  Leipsic  Acts,  and  on  the  other  in  favour  of  Newton  by  the- 
English  mathematicians.  It  is  painful  to  remark,  such  was  the^ 
rancour  and  animosity  excited  in  this  controversy,  that  it  became  evi- 
dent that  men  of  the  highest  intellectual  powers  are  not  alway» 
exempt  from  the  common  infirmities  of  human  nature. 

A  similar  question  arose  between  Briggs  and  Napier  with  respect 
to  the  priority  of  a  discovery  of  an  improvement  in  logarithms. 
Briggs,  in  his  lectures  at  Gresham  College,  first  pointed  out  the  ad- 
vantage of  making  1  the  logarithm  of  the  ratio  of  10  to  1,  instead  of 
2.30268 ...  as  Napier  had  done.  Napier,  in  his  Rabdologia,  laid 
claim  to  the  improvement,  and  stated  that  he  had  committed  the 
execution  of  it  to  Briggs.  Robert  Napier,  in  the  posthumous  work  of 
his  father,  passed  over  in  silence  the  claim  of  Briggs,  who  afterwards,, 
in  the  preface  to  his  Arithmetica  Logarithmica,  declared  that  he  had 
first  suggested  the  improvement  in  his  lectures.  Here  the  same  claim 
is  made  by  both ;  and  it  is  probable  that  each  ifiay  have  arrived  at 
the  same  knowledge  independently  of  the  other.  Napier  did  not,  but 
Briggs  did  state  at  what  time  it  first  became  known  to  him. 

It  may  here  be  remarked  that  the  work  of  James  Gregory  on  tha 
quadrature  of  the  circle  and  hyperbola  contained  several  important 
facts  connected  with  the  discoveries  which  Newton  had  made.  Collins 
conmoLunicated  Newton's  discoveries  to  Leibnitz,  Gregory,  and  other 
eminent  mathematicians.  The  letters  of  Gregory  supply  satisfactory 
evidence  that  he  had  divined  Newton's  method,  and  consequently  had 
the  merit  of  discovering  in  some  degree  the  calculus  of  fluxions.  But 
he  declined  to  publish  anything  on  the  subject,  as  he  has  stated  in  one 
vl  his  letters,  that  he  might  not  interfere  with  the  original  inventor. 

In  the  year  1671,  when  Leibnitz  was  in  London,  he  published  two 
tracts,  one  of  whid^  he  dedicated  to  the  Boyal  Society,  and  in  the 
dedication  mentioned  his  correspondence  with  Mr.  Oldenburg.  In 
February,  1672-3,  though  Dr.  Pell  showed  Leibnitz  that  his  method 
was  the  same  as  the  difiterential  method  of  Mouton,  Leibnitz  persisted 
in  maintaining  the  method  to  be  his  own  invention,  by  reason  that  he 
had  found  it  himself  without  knowing  what  Mouton  had  done  before, 
and  that  his  own  method  was  a  great  improvement  on  that  of 
Mouton.  Before  his  first  visit  to  England,  Leibnitz  dedicated  to  the 
Academy  of  Sciences  at  Paris  a  paper  entitled  ''Theoria  motus 
abstracti."  In  this  treatise  may  be  found  some  indications  of  his 
early  ideas  relating  to  the  calculus. 

In  the  year  1634  Leibnitz  published  in  the  Leipsic  Acts  the 
rules  for  certain  cases  of  his  calculus;  but  there  is  evidence  that 
he  had  employed  this  method  as  early  as  1677 ;  and,  in  some  respects, 
it  resembled  Barrow's  method  of  tangents,  which  was  published  ia 
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1670.  Newton  communicated  his  method  of  tangents  to  Oollins  in 
1672.  An  abstract  of  the  letter  containing  this  account  was  sent  to 
Leibnitz  by  Mr.  Oldenburg,  who  afterwards  also  sent  to  Leibnitz 
another  letter  of  Newton  written  in  1676.  It  is  clear  from  these  facts 
that  Leibnitz  had  seen  Newton's  letters  before  the  appearance  of  any- 
thing of  his  own  on  the  subject. 

On  the  10th  April,  1695,  Dr.  Wallis  from  Oxford  wrote  to  Newton 
and  informed  him  that  he  had  received  an  intimation  from  Holland 
that  Newton's  notions  of  fluxions  passed  there  with  great  applause, 
and  that  Leibnitz  was  considered  as  the  inventor  of  the  differential 
calculus.     Wallis  further  remarks : — 

''I  had  this  intimation  when  all  but  part  of  the  preface  to  this 
Toliime  was  printed  off,  so  that  I  coidd  only  insert,  while  the  press 
stayed,  that  short  intimation  thereof  which  you  will  find  there.  You 
are  not  so  kind  to  your  reputation  (and  that  of  the  nation)  as  you 
might  be,  when  you  let  things  of  worth  lie  by  you  so  long  tiU  others 
cany  away  the  reputation  that  is  due  to  you.  I  have  endeavoured  to 
do  you  justice  in  that." 

Li  a  second  letter,  of  date  30th  April,  1695,  Dr.  Wallis  again 
wrote  to  Newton  : — **  Consider  that  it  is  now  about  thirty  years  since 
you  were  master  of  these  notions  about  fluxions  and  inflnite'series,  but 
you  have  never  published  aught  of  it  to  this  day.  It  is  true,  I  have 
endeavoured  to  do  you  right  in  that  point.  But  if  I  had  published 
the  same  or  like  notions  without  naming  you,  and  the  world  possessed 
of  another  calctdiM  differentialis  instead  of  your  fluxions,  how  should, 
this  or  the  next  age  know  of  your  share  therein  ?  .  .  .  And  even  yet 
I  see  you  make  no  great  haste  to  publish  these  letters  [on  fluxions]^ 

1  These  letters  on  fluxions  arc  printed  in  pp.  391^396  in  the  second  volume  of 
the  works  of  Waliist 

There  is  in  the  Savilian  Librar}'  a  copy  of  the  works  of  Wallis,  in  which  he  has 
inserted  many  additions  and  corrections.  In  the  margin  of  p.  654,  vol.  iii.,  he  has 
written  :  "Ad  Algebrse  mess  cap.  95,  p.  396,  lin.  15,  fit  mentio  method! differen trails 
Leibnitli ;  sed  ea  sunt  Newtoni  verba;  et  quorum  ego  non  memineram  neque  sciebam 
que  sit  ea  methodus." 

These  words  are  written  against  the  following  extract  of  a  letter  of  Wallis  to 
Leibnitz  of  the  date  of  1696  : — 

"Neque  Calculi  Differentialis  vel  nomen  andiiriase  me  memini,  nisi  postquam 
utrumque  volnmen  absolverint  opcrse,  eratque  prtefationis  (prssfigendse)  postremum 
folium  sub  prelo,  ejusque  typos  jam  posuerunt  typothetse.  Quippe  turn  me  monuit 
amicus  quidam  (harum  remm  gnarus)  qui  peregre  fiieiat,  turn  talem  methodum  in 
Belgio  pnedicari,  turn  iUam  cum  Newtoni  Hethodo  Fluxionum  quasi  coinoidere. 
Quod  fecit  ut  (tr^smotis  typis  jam  positis)  id  monitum  interseruerim." 

But  in  the  second  Volume  (p.  896)  Wallis  luus  atated  :  "Huic  Methodo  affinis  eet 
Methodua  Differentialis  Leibnitii." 

It  is  noticed  in  the  Commercium  Epistolicnm  that  Newton  in  1692,  at  Wallis's 
request,  sent  him  the  first  proposition  of  the  book  of  quadratures,  ,with  his  examples 
of  firsty  second,  and  third  fluxions^  'Md  quod  videre  est  in  Wallisii  <^rura  tomo 
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wliich  are  to  be  mj  roucliers  for  what  I  Bay  of  it.  And  even  these 
letters  at  fbst  were  rather  extorted  from  you  than  voluntary.  ...  I 
own  that  modesty  is  a  yirtae,  but  too  much  diffidence  (especially  as. 
the  world  now  goes)  is  a  fault." 

It  should  not  be  forgotten  that  Leibnitz  had,  witkout  contradiction, 
enjoyed,  on  the  Continent,  this  reputation  for  a  period  of  fifteen  years 
from  the  time  he  made  public  his  discovery  in  theLeipsic  Actsof  1684. 

In  the  year  1699  Nicolas  Fatio  de  Duillier,  in  a  treatise  printed 
in  London,  made  the  following  remarks  respecting  the  inventor  of  the 
new  calculus: — '^ Perhaps  the  celebrated  Leibnitz  will  inquire  how 
that  calculus,  which  I  use,  became  known  to  me.  I  found  out  by  my 
own  powers  its  fundamental  principles  and  most  of  its  rules  in  the 
year  1687,  about  the  month  of  April  and  the  months  following,  and 
at  other  times  afterwards,  when  I  thought  that  no  one  used  such 
a  calculus  besides  myself.  Nor  would  it  have  been  less  known  to 
me  if  Leibnitz  had  not  then  been  bom.  He  therefore  may  boast  of 
other  disciples,  of  me  certainly  he  cannot.  And  this  would  be  suffi- 
ciently evident  if  the  letters  which  formerly  had  passed  between  the 
most  celebrated  Huygens  and  me  were  made  public.  Compelled  by 
the  evidence  of  facts,  I  acknowledge  Newton  the  first,  and  by  many 
years  the  Earliest  inventor  of  this  calculus.  Whether  Leibnitz,  its 
second  inventor,  has  borrowed  anything  from  any  one,  I  prefer  to  my 
own  the  judgment  of  those  who  have  seen  the  letters  of  Newton  and 
his  writings.  Neither  the  more  modest  silence  of  Newton,  nor  the 
zealous  activity  of  Leibnitz,  assigning  to  himself  eveiywhere  the  in- 
vention of  this  calculus,  will  impose  on  any  persons,  who  are  con- 
versant with  the  documents  which  I  myself  have  examined."  * 

secnndo  pag.  891,  302,  893  ct  896."  From  this  it  must  have  been  clearly  under- 
stood that  Newton  fiirnislied  the  materials  from  what  appears  in  the  place  referred 
to  ;  bnt  the  tmth  goes  still  further  ;  for  Wallis  has  written  against  the  18th  line  of 
p.  890,  "QniB  hie  seqnuntursuntipsins  Kewtoni  verba,  ab  ipso  scripta,  atque  adme 
missa,  eo  ammo  ut  hie  inserantur,  sed  quasi  meo  nomine,  usque  ad  pag.  896,  lin.  19." 
Hence  we  see  the  motives  of  Newton's  reserve.  He  does  not  appear  to  have 
hesitated  in  complying  with  Wallis's  request  ...  he  could  not  induce  himself  to 
communicate  his  own,  unless  under  conditions  which  might  exempt  him  from  the 
danger  of  any  personal  controversy. — Rigaud^  pp,  22,  28. 

1  "Qunret  forsan  CI.  Leibnitius,  unde  mihi  cognittis  dt  iste  calculus,  quo  utor. 
Ejus  equidem  fundamenta,  ac  plerasque  regulas,  proprio  marte,  anno  1687,  circa 
mensem  Aprilem  et  sequentes,  aliisque  deinceps  annis  inveni ;  quo  tempore  neminem 
eo  calculi genere  prater  meipsum,  uti  putabam.  Nee  mihi  minus  cognitusforet,  si 
nondum  natns  esset  Leibnitius.  Aliis  igitur  glorietur  discipulis,  me  oerte  not  potest 
Quod  satis  patebit,  si  olim  litem,  que  inter  darisidmum  Hu^nium  meqne  inter- 
cesserunt,  publici  juris  fiant  Newtonum  tamen  primum  ac  pluribus  annis  vetustis- 
simnm  hiyus  calculi  inventorem,  ipsa  rerum  evidentia  coactus  agnosco :  a  quo 
utrum  qnicquam  mutuatns  sit  Leibnitius,  secundus  ejus  inventor,  malo  eorum  quam 
meum  sit  judicium,  quibus  visn  fuerint  Newtonl  liters,  aliisque  ejusdem  mann- 
■cripti  codices.    Neque  modesUoiia  Newtoni  silentinm,  aut  prona  Leibnitii  sedulitaa 


23 

Leibnitz  printed  a  reply  to  the  statements  of  Fatio  in  tlie  Leip- 
aic  Acts  of  1700,  of  wbioh  the  following  is  an  extract : — 

''I  have  freely  declared  his  (Newton's)  distinguished  merits  as 
oocasion  offered ;  and  he  himself  very  well  knows,  and  has  publicly 
admitted,  when  he  published  his  '  Mathematical  Principles  of  Natural 
Philosophy,'  in  the  year  1687,  that  some  new  geometrical  methods 
had  been  discovered  which  were  common  to  himself  and  to  me,  and 
that  neither  of  us  was  indebted  to  light  received  from  the  other,  but 
that  each  was  indebted  to  his  own  cogitations,  and  that  they  had  been 
made  public  by  me  now  ten  years  ago.  When  I  published  my 
'Elements  of  the  Calculus,'  in  1684,  no  other  matter  was  certain  to 
me  concerning  his  discoyeries  in  this  subject  than  what  he  himself  had 
formerly  stated  in  his  letters, — that  he  could  find  tangents  without 
Temoring  irrational  quantities,  which  Huygens  afterwards  made 
known  to  me  that  he  could  also  do,  while  as  yet  he  was  unacquainted 
with  the  rest  of  that  Calculus.  But  I  fully  understood  that  Newton 
had  achieved  far  greater  discoveries  after  I  had  seen  his  Principia.  I 
did  not  learn,  however,  that  a  calculus  so  like  to  the  differential  had 
been  practised  by  him  before  the  first  and  second  volumes  of  that  dis- 
tinguished geometer,  John  Wallis,  were  put  forth,  and  Huygens 
copied  the  extract  relating  to  Newton  and  promptly  sent  it  to  me. 
But  after  so  great  benefits  conferred  on  the  public,  though  it  may  be 
unreasonable  to  make  any  requirements  from  Mr.  Newton  that  may 
demand  firesh  labour  of  investigation,  I  cannot,  however,  restrain 
myself,  but  that  on  the  present  occasion  I  may  publicly  request  a  ma- 
thematician of  the  highest  genius  that,  mindful  of  human  weakness 
and  of  the  common  good,  he  would  no  longer  conceal  the  rest  of  his 
excellent  and  mature  cogitations,  by  which  he  can  further  illustrate 
not  only  the  mathematical  sciences,  but  also  especially  the  .laws  of 
nature.  But  if  the  renown  of  so  great  objects  does  not  move  him 
(although  scarcely  any  addition  can  be  made  to  the  renown  whidi  he 
has  already  gained),  he  may  at  least  consider,  that  no  consideration  is 
of  greater  concern  to  a  generous  mind  than  to  be  deemed  worthy  of 
the  highest  esteem  of  the  human  race." 

Newton  published  his  Optics  with  the  treatise  on  quadratures  in 
the  year  1704,  and  in  it  repeated  the  fact  which  Dr.  Wallis  had 
published  nine  years  before,  to  the  effect  that  the  method  of  fluxions 
was  invented  in  the  years  1665  and  1666.  The  editors  of  the  Leipsic 
Acts,  in  their  account  of  this  work  in  the  part  for  January,  1705, 
etated  that  M.  Leibnitz  was  the  first  inventor  of  this  method,  and 
that  Kr.  Newton  had  substituted  fluxions  for  differences;  just  as 


iuventaonem  hiigns  calculi  aibi  pusim  tribaentis,  nllia  imponet,  qui  ea  pertractarint, 
quia  ipse  evolvi,  matramenta." — InvetHgaiie  OeomUrka  9olidi  rotvndif  in  quod 
mimmajiat  reHtUtUia,    Londini,  1699,  p.  18. 
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Pabri  in  bis  synopsis  of  geometry  bad  substituted  movement  for  tbe 
indivisibles  of  Cavallerius.  Tbis  claim,  and  the  cbarge  against 
Newton,  opened  tbe  controversy,^  wbicb  continued  till  tbe  deatb  of 
Leibnitz  in  1716. 

In  tbe  Fbilosopbical  Transactions  of  tbe  Hoyal  Society  for  1708, 
Dr.  Keill  published  a  letter  addressed  to  Dr.  Halley,  ^*  On  tbe  Lairs 
of  Centripetal  Forces,"  in  wbicb  be  remarks : — 

''All  tbese  things  follow  from  tbe  now  much  celebrated  method  of 
fluxions,  of  wbicb  our  Newton  was  doubtless  the  first  inventor,  as 
will  be  evident  to  any  one  who  shall  read  his  letters  published  by  Dr. 
Wallis.  Yet  afterwards  the  same  method  was  published  by  M. 
Leibnitz  in  tbe  Acta  Eruditorum,  only  changing  the  name  and  manner 
of  notation" 

M.  Leibnitz,  understanding  Dr.  Keill's  words ^  in  a  stronger  sense 
than  the  writer  intended,  regarded  them  as  a  calumny.  In  the  year 
1711  M.  Leibnitz  made  a  complaint  to  the  Boyal  Society  that  Dr. 
Keill  bad  accused  him  of  publishing  "  Tbe  Method  of  Fluxions" 
invented  by  Mr.  Newton,  under  other  forms  and  denominations; 
adding,  that  nobody  knew  better  than  Newton  himself  that  be  bad 
borrowed  nothing  from  him;  and  required  that  Dr.  Keill  should 
publicly  disavow  the  ill  construction  which  might  be  put  on  bis  words. 

When  tbe  letter  of  Leibnitz  was  read  at  a  meeting  of  tbe  Society, 
Dr.  Keill  justified  tbe  language  be  had  employ ed.  At  another 
meeting  of  tbe  Society  on  April  5,  1711,  Newton,  from  the  chair,  gave 
an  account  of  bis  discovery,  and  Dr.  Keill  was  requested  **  to  draw  up 
an  account  of  the  matter  in  dispute,  and  to  set  it  in  a  just  light." 
The  account  was  drawn  up  and  read  to  the  Society,  and  a  copy  was 
sent  to  Leibnitz.  On  receiving  this  letter  he  was  not  content,  but 
wrote  again  to  tbe  secretary  a  letter  of  the  date  of  December  29, 1711, 
and  requested  tbe  Boyal  Society  to  silence  Dr.  KeilPs  vain  and  unjust 
clamours,  of  which  be  expressed  bis  belief  Newton  did  not  approve. 

Tbe  Eoyal  Society,  thus  appealed  to,  on  March  6,  1712,  appointed 
a  committee'  to  examine  the  letters,   papers,  and  other  documents 

1  '*  Pro  differentiis  igitnr  Leibnitianis  D.  Kewtonus  adhlbot,  snnperqne  adhibuit 
Flnxiones,  quse  sunt  quam  proxiine  at  Fluentitim  augmeuta  sequalibus  temporis 
particulia  quam  minimis  genita  ;  iisqne  tomin  sois  Principiis  Katone  Mathematicis, 
turn  in  aliis  postea  editis  elegantcr  est  osus,  quemadmodum  et  Honoratus  Fabricius 
In  sua  synopsi  Geometrica,  motuum  progressus  Cayalleriane  methodo  substitoit." — 
Ada  Lipsienna^  Januarii  1705. 

.  '  The  words  of  Dr.  Eeill  are:  ''Flnzionnm  Arithmeticam  sine  omni  dnbio 
primus  invenlt  D.  Newtonns,  at  coilibet  ejus  Epistolas  a  Wallisio  editas  hgenti 
facile  constabit.  Eadcm  tamen  Arithmetica  postea  mutatis  nomine  et  notationia 
modo  a  Domino  Leibnitio  in  Actis  Eruditorum  edita  est." 

'  It  is  only  fair,  however,  to  remember  that  Newton  was  President  at  the  time, 
and  that  the  members  of  the  committee,  Dr.  Arbuthnot,  Mr.  Hill,  Mr.  Jones,  Mr. 
Machin,  and  Mr.  Burnet,  being  all  lealous  and  intimate  friends  of  Newton,  can 
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relating  to  the  matter  in  dispute ;  and  after  examination  of  the  evi- 
dence, the  committee  concladed  by  affirming  their  opinion  that  "  Dr. 
K^ll,  in  asserting  Mr.  Newton  to  be  the  first  inventor,  has  been  in 
no  ways  injurious  to  M.  Leibnitz." '  The  Koyal  Society  printed  the 
determination  of  the  question,^  together  with  the  letters  and  documents 

hardly  have  been  oonsidered  unbiased.  On  March  20,  Mr.  Robarts  was  added  to 
the  committee;  H.  Bonet,  the  Praasian  minister,  on  the  27th  ;  and  Mr.  De  Moivre^ 
Mr.  Aston,  and  Dr.  Brook  Taylor  on  the  17th  of  April 

1  The  following  is  the  decision  of  the  Committee  : — 

**  We  have  consulted  the  letters  and  letter-books  in  the  custody  of  the  Royal 
Society,  and  those  found  among  the  papers  of  Mr.  John  Collins,  dated  between  the 
years  ld69  and  1677  inclusive ;  and  showed  them  to  such  as  knew  and  avouched 
the  hands  of  Mr.  Barrow,  Mr.  Collins,  Mr.  Oldenburg,  and  Mr.  Leibnitz ;  and 
compared  those  of  Mr.  Gregory  with  one  another,  and  with  copies  of  some  of  them 
taken  in  the  hand  of  Mr.  Collins  ;  and  have  extracted  from  them  what  relates  to  the 
matter  referred  to  us ;  all  which  extracts  herewith  delivered  to  you,  we  believe  to  be 
genuine  and  authentic  :  and  by  these  letters  and  papers  we  find, 

"  I.  That  Mr.  Leibnitz  was  in  London  in  the  beginning  of  the  year  1673,  and  went 
thence  in  or  about  March  to  Paris,  where  he  kept  a  correspondence  with  Mr.  Collins 
by  means  of  Mr.  Oldenburg,  till  about  September,  1676,  and  then  returned  by  Lon- 
don and  Amsterdam  to  Hanover.  And  that  Mr.  Collins  was  veiy  free  in  communi- 
cating to  able  mathematicians  what  he  had  received  from  Mr.  Newton  and  Mr. 
Gregory. 

**  II.  That  when  Mr.  Leibnitz  was  the  first  time  in  London,  he  contended  for  the 
invention  of  another  differential  method  properly  so  called  ;  and  notwithstanding 
that  he  was  shown  by  Dr.  Pell  that  it  was  Mouton's  method,  persisted  in  maintain- 
ing it  to  be  his  own  invention,  by  reason  that  he  had  found  it  by  himself,  without 
knowing  what  Mouton  had  done  before,  and  had  mnch  improved  it  And  we  find 
no  mention  of  his  having  any  other  differential  method  than  Mouton's,  before  his 
letter  of  the  2l8t  of  June,  1677,  which  was  a  year  after  a  copy  of  Mr.  Newton's 
letter  of  the  10th  of  December,  1672,  had  been  sent  to  Paris  to  be  communicated  to 
him  ;  and  above  four  years  after  Mr.  Collins  beg.in  to  communicate  that  letter  to  his 
correspondents ;  in  which  letter  the  method  of  fluxions  was  sufficiently  described  to 
any  intelligent  person  [idoneo  harum  rerum  cognitori]. 

"III.  That  by  Mr.  Newton's  letter  of  the  13  th  of  June,  1676,  it  appears  that  he 
had  the  method  of  fluxions  above  live  years  before  the  writing  of  that  letter.  And 
by  his '  Analysis  per  ^quationes  numero  terminorum  inffnitas,'  communicated  by  Dr. 
lE^rrow  to  Mr.  Collins  in  July,  1669,  we  find  that  he  had  invented  the  method  before 
that  time; 

'*iy.  That  the  differential  method  is  one  and  the  same  with  the  method  of  fluxions, 
excepting  the  name  and  mode  of  notation.  Mr.  Leibnitz  calling  those  quantities 
differences,  which  Mr.  Newton  calls  moments  'or  fluxions ;  and  marking  them  with 
the  letter  d,  a  mark  not  used  by  Mr.  Newton.  And  therefore  we  take  the  proper 
question  to  be,  not  who  invented  this  or  that  method,  but  who  was  the  first  inventor 
of  the  method.  And  we  believe  that  those  who  have  reputed  Mr.  Leibnitz  the  first 
nventor,  knew  little  or  nothing  of  his  correspondence  with  Mr.  Collins  and  Mr. 
Oldenbuig  long  before  ;  nor  of  Mr.  Newton's  having  that  method  above  fifteen  years 
before  Mr.  Leibnitz  began  to  publish  it  in  the  Acta  Eruditorum  of  Leipsick. 

"For  which  reasons  we  reckon  Mr.  Newton  the  first  inventor ;  and  are  of  opinion 
that  Mr.  Reill,  in  asserting  the  same,  has  been  in  no  ways  injurious  to  Mr.  Leibnitz. 
And  we  submit  to'  the  judgment  of  the  Society*  whether  the  eztracts  of  letters  and 
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relating  to  it,  under  the  title  of  <'  Commerdum  Epistolicum  de  Anal^^si 
promota,"  870,  London,  1712.  A  reprint  of  the  Commerdum  Epis- 
tolicum was  published  with  some  alterations  and  additions  at  London 
in  1722,  where  Newton,  in  the  preface  and  annotations,  particularly 
answered  aU  the  objections  which  had  been  made  since  the  Commer- 
dum Epistolicum^  first  made  its  appearance. 

Newton  himself  put  forth  the  following  statement : — 
'<  In  my  letters  of  the  13th  of  June  and  the  24th  of  October,  1676. 1 
affirmed  that  I  had  the  method  of  Fluxions  some  years  before ;  but  I 
never  allowed  that  Mr.  Leibnitz  had  the  differential  method  before 
the  year  1677  ;  nor  in  those  days  did  I  know  more  of  his  pretences  to 
it  than  what  he  represented  that  year  in  his  letter  of  .the  21st  of  June ; 
nor  did  I  allow  the  method  of  transmutations  to  be  a  general  method 
of  series ;  nor  then  knew  that  the  series  which  he  sent  to  me  was  sent 
to  him  by  Mr.  Oldenburg  the  year  before,  and  invented  by  Mr.  James 
Gregory  in  the  year  1671.  The  method  of  transmutations  is  not  a 
method  of  series,  but  a  particular  theorem  for  transmutations  of  figures 
into  one  another,  like  those  of  Gregory  and  Barrow.  And  as  for  the 
Scholium  upon  the  second  lemma'  of  the  second  book  of  the  Principia 

papers  now  presented  to  you,  together  with  what  is  extant  to  the  same  pnipose,  in 
Dr.  Wallis*s  third  yolume,  may  not  deserve  to  be  made  public." 

^  A  new  edition  of  tliis  work  has  been  recently  published,  entitled,  "  Commer- 
cium  Epistolicum  J.  Collins  et  Aliorum  de  Analysi  promota,  etc.  Ou  Corre- 
spondance  de  J.  Collins  et  d'autres  savants  c^lebres  dn  XVII*  Si^le,  relative  h 
TAnalyse  Superieure,  r^imprim^e  sur  I'^dition  originale  de  1712,  aveo  Tindication 
des  variantcs  de  I'^dition  de  1722,  compUt^e  par  nne  collection  de  pieces  jnstifica- 
lives  et  de  documents,  et  publico  par  J.  B.  Biot,  membre  de  rinstitut»  et  F. 
Lefort,  ing^nieur  on  chef  des  ponts  et  chauss^es.     Paris,  1856." 

'  In  the  first  edition  of  the  Principia,  published  in  1687,  in  page  253,  is  a 
scholium  at  the  end  of  the  seventh  proposition  of  the  second  book,  in  substance  as 
follows: — "In  a  correspondence  in  which  I  was  engaged  with  the  yery  learned 
geometrician,  M.  Leibnitz,  ten  years  ago  [through  Mr.  Oldenbui^],  having  in- 
formed him  that  I  was  acquainted  with  a  method  of  determining  the  maxima  and 
minima,  drawing  tangents,  and  doing  other  similar  things,  which  succeeded  equally 
in  rational  equations  and  radical  quantities,  and  having  concealed  this  method  by 
transposing  the  letters  of  the  words,  which  signified :  'an  equation  containing  any 
number  of  flowing  quantities  being  given,  to  find  the  fluxions,  and  inversely : '  that 
celebrated  gentleman  answered,  that  he  had  found  a  similar  method;  and  this, 
which  he  communicated  to  me,  diflbred  from  mine  only  in  the  enunciation  and 
notation." 

In  the  second  edition  of  the  Principia,  published  in  the  year  1714,  at  the  end  of 
the  scholium  is  added,  "and  in  the  idea  of  the  generation  of  quantities." 

In  the  third  edition,  published  in  1726,  this  scholium  was  withdrawn,  probably 
on  account  of  the  unreasonable  proceedings  of  Mr.  Leibnitz's  friends,  who  per> 
sistently,  but  uigustly,  affirmed  him  to  have  been  the  first  inventor,  and  the 
following  was  substituted  in  its  place  : — 

"In  a  letter  of  mine  to  Mr.  J.  Collins,  dated  December  10,  1672,  having 
described  a  method  of  tangents,  which  I  suspected  to  be  the  same  with  Slusius*s 
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FhQosopliice  Matbematica,  which  is  so  much  wrested  against  me,  it 
was  written,  not  to  give  away  that  lemma  to  Mr.  Leibnitz,  but,  on  the 
contrary,  to  assert  it  to  myself.  Whether  Mr.  Leibnitz  invented  it 
after  me,  or  had  it  from  me,  is  a  question  of  no  consequence,  for  second 
inventors  have  no  right.  Dr.  Wallis,  by  his  letter  of  December  1, 1696, 
printed  in  the  third  volume  of  his  works,  gave  notice  to  Mr.  Leibnitz 
of  the  paragraph  in  his  preface  to  the  first  volume  above  cited.  And 
Mr.  Leibnitz  denied  not  tliat  in  the  year  1676 1  explained  to  him  the 
method  found  by  me  ten  years  before  or  above,  nor  complained  of  the 
Doctor  for  saying  this :  Le  U  autem  querty  saith  he,  in  his  letter  of  the 
29th  of  March,  1697,  nunquam  mihi  in  mmUm  venit;  quern  facile  apparet 
notfra,  in  ActU  Ztpneneihvs  prodita,  non  satie  vidine.  He  allowed  that 
the  methods  were  of  like  nature,  as  the  Doctor  had  affirmed,  and  said 
in  his  letter  of  the  28th  of  May,  1697,  that  he  therefore  called  them 
both  by  the  common  name  of  the  Infinitesitnal  Method;  but  added,  that 
as  the  Analysis  of  Vieta  and  Cartes  were  both  called  by  the  common 
name  of  Analysis  Speciosay  and  yet  differed  in  some  things,  so  my 
Injiniiesimal  Analysis  and  his  might  differ  in  some  things ;  meaning 
some  improvements  made  by  him  to  this  method ;  and  excused  the 
Doctor  for  not  mentioning  these  improvements,  because  he  had  not 
sufficiently  seen  them  in  the  '  Acta  Lipsiensia ; '  and  declared  that  it 
never  came  into  his  mind  to  complain  of  him  for  anything  else."^ 

Mr.  S.  P.  Bigaud,  in  his  Essay  on  the  Principia,  thinks  it  may 
be  thought  very  presumptuous  to  question  the  accuracy  of  the  Com- 
mittee which  drew  up  the  documents  of  the  Commercium  Epistolicum. 
He  remarks  there  are  difficulties  well  worth  considering  respecting  the 
date,  1683,  in  the  following  extract  of  their  statement  in  No.  LXXI : 
— "Anno  BciHcet  1684  in  iisdem  Actis  Lipsicis  pro  mense  Octobri, 
Calculi  Differentialis  Elementa  primum,  edidit  D.  Leibnitius,  literis 
G.  G.  L.  designatus.  Anno  antem  1683  ad  finem  vergente,  D.  New- 
tonus  propositiones  prinoipales,  earum  quse  in  Philosophiao  Principiis 
Mathematicis  habentur,  Londinum  misit:  eeedemque  cum  Societate 
BegpUL  mox  communicatfo  sunt,  annoque  1686  liber  ille  ad  Societatem 


method,  which  at  that  time  was  not  made  pablic ;  I  subjoined  these  words : — '  This 
is  one  particular,  or  rather  a  corollary,  of  a  geueral  method,  which  extends  itself, 
without  any  troublesome  calculation,  not  only  to  the  drawing  of  tangents  to  any 
cntvo  lines,  whether  geometrical  or  mechanical,  or  anyhow  respecting  right  lines  or 
other  curves,  but  also  to  the  resolving  other  abstruse  kinds  of  problems  about  the 
crookedness,  areas,  lengths,  centres  of  gravity  of  curves,  &c.,  nor  is  it  (as  Iludden's 
Method  de  Maximis  et  Minimis)  limited  to  equations  which  are  fi'ee  from  surd 
quantities.  This  method  I  have  interwoven  with  that  other  of  working  in  equations 
by  xeducing  them  to  infinite  scries.  And  these  last  words  relate  to  a  treatise  I  com- 
posed on  tliat  subject  in  tlie  year  1671.  The  foundation  of  that  general  method  is 
contained  in  the  preceding  lemma.' " 

^  Isaaci  Newtoni  Opera  qun  extant  omnia,   commentariis  illiistrabat  Samuel 
HoTsley,.  LL.I>.,  B.S.S.    Tom.  iv.,  p.  610.    Londiui,  1782. 
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missus  est  ut  impriineretur,  proximoque  anno  mense  Maxtio  lucem 
vidit :  et  exemplar  ejus  D.  Nicolao  Fatio  datum  est  ut  ad  Leibnitium 
mitteretur." 

''  The  same  date  of  1683  occurs  in  both  editions  of  the  Commercium 
EpistoUcum  (in  1712  and  1722),  and  it  cannot  be  a  press  error,  for  the 
argument  with  reference  to  Leibnitz  would  fall  to  the  ground  if  1684 
were  substituted  for  1683.  Newton  wrote  a  letter  dated  Feb.  23| 
1684-5,  to  Aston,  one  of  the  secretaries,  thanking  him  for  'entering 
Ms  notions  about  motion '  in  the  Begister ;  and  added,  *  I  designed 
them  for  you  before  now,  but  the  examining  several  things  has  taken  a 
greater  part  of  mj  time  than  I  expected,  and  a  great  deal  of  it  to  no 
purpose ; '  and  a  minute  of  this  letter  appears  in  the  Journal,  dated 
Feb.  25,  1684. 

**  A  loose  paper  preserved  in  Lord  Macclesfield's  collection  seems  to 
offer  the  most  probable  solution  of  the  difficulty.  It  is  in  Newton's 
handwriting,  and  is  entitled,  '  Animadversiones  in  Schediasma  Leib- 
nitii,  de  resistentia  medii  et  motu  projectorum  gravium  in  medio 
resistente,  in  Actis  Lipsiensibus  anno,  1689  mense  Feb.  impressum.' 
It  is  not  complete,  but  rather  the  rough  draught  for  the  beginning 
of  some  reg^ar  remarks.  Newton  is  well  known  to  have  been  in  the 
babit  of  repeatedly  transcribing  his  papers,  and  copying  them  with 
alterations,  and  accordingly  we  find  on  the  samo  sheet  of  paper  both 
the  entries.  The  first  begins  with  the  words,  '  Newtonus  prinoipales 
de  motu  planetarum  propositiones  anno  1683  Londinum  misit  cum 
philosophis  communicandis.  Anno  1656  Principia  Mathematica  ad 
Hegiam  Societatem  misit  ut  in  lucem  emitteretur.  .  .  .'  The  second 
paper  begins  with,  'Anno  1684  Newtonus  propositiones  pnncipales 
earum,  quae  in  philosophioe  Principiis  Mathematicis  habentur,  cum 
Societate  Begia  communicare  coepit,  annoque  1686  liber  ille  MS.  ad 
Societatem  Begiam  missus  est.  .  .  .' 

**  This  paper  was  certainly  in  the  possession  of  Jones,  and  contains 
several  of  the  expressions  used  in  the  Oommerciuim  Epistolicum,  with 
the  same  date,  in  the  first  instance,  annexed  to  them.  The  writers, 
however,  seem  not  to  have  observed  more  than  the  first  entry,  the 
second  being  on  the  opposite  side  of  the  sheet;  it  could  otherwise 
have  hardly  failed  to  strike  them  that  the  year  had  there  also  at  first 
been  written  1683,  since  the  last  figure,  having  evidently  been  altered 
to  a  4,  IS  much  blacker  than  the  rest.  They  would  then  have  either 
had  at  once  the  correct  period,  or  would  have  been  led  to  ascertain 
which  of  the  two  they  were  to  adopt.  K  the  doubt  had  been  once 
suggested,  there  could  have  been  no  difficulty  in  resolving  it." 

It  has  been  remarked  ^  that  some  doubts  have  been  entertained' 

>  P.  zlvii  Correspondence  of  Sir  Isaac  Newton  and  Professor  Cotes,  including  letters 
of  other  eminent  men,  now  first  published  from  the  originals  in  the  Library  of  Tdnity 
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whether  a  certain  letter  of  Newton  was  actually  sent  to  Leibnitz  with 
other  documents,  as  is  asserted  in  the  Commerciuni  EpistoHcum, 
No.  XLYI.  ''In  hoc  coUectione  habetur  et  Epistola  D.  Newtoni  ad 
D.  Collins,  10  Decemb.  1672  data,  in  qua  Newtonus  se  Methodum 
generalem  habere  dicit  ducendi  tangentes  exponit/' 

The  manuscripts,  papers,  and  letters  left  by  Leibnitz,  and  pre- 
served in  the  Eoyal  Libraiy  of  Hanoyer,  have  of  late  years  been 
printed,^  and  it  may  be  ascertained  what  documents  Leibnitz  did 
actually  receive  from  Oldenburg,  and  the  dates  of  them.  Among 
these  papers  has  not  been  found  a  copy  of  Newton's  letter  of  Dec.  10, 
1672.  It  appears  that  Oldenburg  wrote  to  Leibnitz  from  London  on 
July  26,  1676;  and  the  letter  itself  shows  that  he  did  not  send  the 
parcel  of  letters  (including  Newton's)  which  he  had  received  from 
Collins^  but  gave  his  own  account  of  what  they  contained.  And  with 
respect  to  Newton*s  letter  of  Dec.  10,  1672,  he  gave  the  substance, 
but  neither  gave  the  example'  contained  in  the  letter  of  Newton,  nor 

College,  Cambridge ;  together  with  an  appendix  containing  other  nnpnblished 
letters  and  papers  of  Newton  ;  with  notes,  synoptical  view  of  the  Philosopher's  life, 
and  a  varied  of  details  iUostrative  of  his  history,  by  J.  Edleston,  M.A.,  Fellow  ot 
Trinity  CoU^^e,  Cambridge.     London,  1850. 

1  Die  Entdeeknng  der  Differentialrechnnng  dnrch  Leibniz  mit  Benatznng 
der  Leibnizischen  Manuscripte  auf  der  Koniglichen  Bibliothek  za  Hannover 
dargestellt  von  Dr.  C.  J.  Gerhardt.     Halle,  1848,  1849,  1850,  1855—63. 

Jtlistoria  et  origo  calculi  Differentialis  a  G.  G.  Leibnitio,  conscripta.  Zur  zweiten 
Sacnlarfeier  des  Leibnizischen  gebnrtstages  aus  den  Handschriften  der  Koniglichen 
Bibliothek  zn  HannoT^r  herausgegeben  yon  Dr.  C.  J.  Gerhardt     Hannover,  1846. 

The  claim  of  Leibnitz  to  the  invention  of  the  Differential  Calculus  by  Dr.  H. 
Slomacn.  Translated  from  the  German  with  considerable  alterations  and  New 
Addenda  by  the  author.    4to.     Cambridge,  1860. 

*  The  following  is  the  passage  omitted  of  Kewtou's  letter.  The  original  is  in  the 
collection  of  Lord  Macclesfield  : — 

*'  I  am  heartily  glad  at  the  acceptance  which  our  Eeverend  friend  Dr.  Barrow's 
Leetores  find  with  foreign  mathematicians,  and  it  has  pleased  me  not  a  little  to 
Bnderstand  that  they  are  fallen  into  the  same  method  of  drawing  tangents  with  mc. 
Vfhat  I  gaess  their  method  to  be  you  will  apprehend  by  this  example.  Suppose  CB, 
applied  to  AB  in  any  given  angle,  be  terminated  at  any  curve  line  AC,  and  calling 
AB,  X  and  BC,  y;  let  the  relation  between  x  and  y  be*  expressed  by  any  equation,  as 
jB*— 2asey+&osB— (to+&^— ^aO,  whereby  this  curve  is  determined.  To  draw  the 
tangent  CD,  the  rule  is  this : — Multiply  the  terms  of  the  equation  by  any  arith- 
metical progression,  according  to  the  dimensions  of  y, 

suppose  thus*'— 2iC5cy+ 6x05— ftftx+fti/y—y*; 
0     1  0        0        2      3 

also  according  to  the  dimensions  of  x, 

suppose  thus  3i^—2xxy+bxx—hbX'\-ln/y^y*, 
3        2  2        10      0 

The  first  piodoct  shall  be  the  numerator,  and  the  last  divided  by  x  the  denominator 
of  a  fraction,  which  expresseth  the  length  of  BD,  to  whose  end  D  the  tangent  CD 
must  be  drawn.    The  length  of  BD  therefore,  is 

-2a5By4-2^yy-8y'  divided  by  3aa-4«y+2to-»." 
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made  any  allusion  to  it.  It  can  occasion  no  surprise  that  Leibnitz 
declared  lie  had  no  recollection  of  having  received  Newton's  letter 
of  Dec.  10,  1672. 

It  appears  to  be  nnquestionable  that  two  men  who  separately 
make  the  same  important  discovery,  and  show  the  use  of  it,  have  an 
equal  claim  to  merit  and  to  public  gratitude.  As  the  methods  of 
Newton  and  Leibnitz  lead  to  the  same  results,  it  has  been  affirmed 
that  the  method  of  Leibnitz  was  derived  from  that  of  Newton ;  but 
this  Leibnitz  has  firmly  denied.  With  equal  reason  it  might  be 
asserted  that  Newton's  method  was  taken  from  that  of  Leibnitz. 
Whether  the  method  of  fluxions  might  have  its  origin  from  the 
method  of  differences,  or  the  converse,  is  not  the  question  at  issue ; 
but  whether,  in  point  of  fact,  each  system  had  a  separate  and  inde- 
pendent origin  in  the  minds  of  the  inventors.  It  is  evident  that 
already  several  approaches  had  been  made  towards  the  new  calculus, 
especially  by  Dr.  Wallis  and  by  Dr.  Barrow,  so  that  the  principles 
which  formed  the  basis  of  the  new  calculus  were  well  known  among 
mathematicians  at  that  period.  It  can  afford  no  matter  for  sur> 
prise  that  two  men  of  resplendent  genius,  such  as  Newton  and 
Leibnitz,  should  independently  have  originated  a  calculus  which, 
though  different  in  some  respects,  leads  to  the  same  results.  The  pub- 
lications of  Wallis  afford  satisfactory  proof  that  Newton  had  been  in 
possession  of  his  method  of  fluxions  and  had  developed  it  before  any 
notices  had  been  given  by  Leibnitz  of  the  nature  of  his  discoveries  in 
the  method  of  differences.  And  it  may  be  added  that  the  letters 
communicated  to  Leibnitz  contained  nothing  which  can  prove  that  he 
borrowed  his  calculus  from  Newton,  but,  that  from  the  description 
g^ven  in  passages  of  these  letters,  he  divined  the  advantages  of  the 
calculus  which  Newton's  letters  had  described. 

James  Bernoulli,  on  a  somewhat  similar  occasion,  once  exhorted 
his  brother  to  moderate  his  pretensions,  and  to  attach  less  importance 
to  discoveries  which  the  instrument  rendered  easy,  and  to  acknow- 
ledge that  ^*  as  quantities  in  geometry  increase  by  degrees,  so  every 
man,  furnished  with  the  same  instrument,  would  find  by  degrees  the 
same  results." 

And  Professor  De  Morgan  has  justly  affirmed: — ''I  have  come 
to  a  settled  conclusion  that  ffreat  points  helong  to  ihae  who  tnad^  great 
poinU  of  them.  The  history  of  mathematical  discovery  is  vexed 
with  never-ending  disturbances  arising  out  of  claims  of  priority, 
which  mean  that  this  person  threw  the  thing  away  before  that  person 
used  it.  In  many  cases  it  is  by  no  means  certain  that  this  person 
ever  saw  in  his  own  words  or  formula  what  that  person  enables  U9  to 
see.  Giving  due  moral  blame  to  any  on^who  consciously  suppresses 
a  hint  which  he  knows  he  has  taken,  I  consider  that  an  inventor  who 
is  the  first  user  has  a  position  from  which  a  hundred  previous  in* 
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Tentors  cannot  dislodge  him,  nor  do  anything  but  enhance  his  merit 
as  the  inventor  of  the  we,  most  often  the  more  difficult  invention  of  the^ 
two." » 

Montucla,  the  historian  of  the  Mathematical  Sciences,  has  thu» 
expressed  his  opinion : — 

''It  is  incontestable  that  Newton  was  the  first  inventor  of  thet 
calculus  of  fluxions.  The  proofs  of  it  are  as  clear  as  the  light.  But 
ia  Leibnitz  g^ty  of  having  published  as  his  own  a  discovery  which 
he  had  drawn  out  of  the  writings  of  Newton  ?  I  do  not  think  so.  Id 
the  two  letters  of  Newton  communicated  to  Leibnitz  there  appear 
only  the  results  of  the  method,  or  of  the  two  methods  employed  by 
Newton,  but  not  the  explanation  of  them.  Leibnitz  was  a  man 
endowed  with  transcendent  talents.  Could  he  not  have  been  moved 
to  search  out  the  means  employed  by  Newton  and  to  achieve  success^ 
as  Fermat,  Bcurow,  and  Wallis  had  opened  the  way?  In  fact,  if  it 
be  considered  how  little  there  was  to  pass  from  their  methods  to  the^ 
Differential  Calculus,  it  will  appear,  I  thinki  superfluous  to  searcli^ 
elsewhere  for  the  origin  of  the  latter.'* 

Upon  the  whole  view  of  the  circumstances  of  the  case,  it  appears 
that  both  parties  to  the  dispute  were  to  blame.  Leibnitz  should  have 
been  more  ready  to  acknowledge  the  aid  he  obtained  from  Newton's 
communications,  although  this  aid  bore  only  indirectly  on  the  dis- 
oovery  of  the  calculus,  and  Newton  ought  to  have  seen  and  acknow- 
ledged that  Leibnitz's  notation  was  more  systematic  than  his  own, 
and  better  adapted  to  promote  the  progress  of  the  calculus.  There 
are  sufficient  grounds  for  the  belief  that  the  discoveries  of  both  were^ 
independent.  Leibnitz  afiirmed  that  he  owed  nothing  to  Mr.  Newton ; 
and  Newton,  on  the  other  hand,  declared  that  whether  Mr.  Leibnitz. 
invented  the  calculus  after  him,  or  had  it  firom  him,  is  a  question  of 
no  consequence,  for  second  inventors  have  no  right.  Both  owed 
much  to  those  who  had  gone  before  them.  No  doubt  Newton's  was 
earlier  in  point  of  time,  but  then  he  did  not  publish  it,  nor  did  he 
develop  his  method  in  the  same  systematic  way  as  was  done  by 
Leibnitz  and  his  followers.' 


1  Prof.  De  Morgan,  note,  p.  200,  voL   xi.,  Cambridge  Philosophical  Trans- 
actions. 

*  The  fluxional  notation  was  adopted  at  Cambridge,  and  was  continned  fron^ 
the  time  of  Kewton  nntil  a  recent  period.     It  was  osed  in  the  Senate  Hoosfr- 
examination  papers  for  mathematical  honours  until  the  year   1817,  when  Mr. 
Peacock,  Fellow  of  Trinity  College,  was  junior  moderator.    He  adrentured  on  the 
innovation  of  introducing  the  differential  notation  of   Leibnitz,  instead  of  the 
flnzional  notation  of  Newton,  into  his  papers  in  that  year,  wMle  his  colleague, 
Mr.  White,  Fellow  of  Caius  College,  the  senior  moderator,  employed  the  fluxionah 
notation  in  his  papers.     In  1818  the  fluxions  resumed  their  place  in  the  Senate 
Honne  examination  papers,  but  in  1819,  when  Mr.  Peacock  was  again  moderator,  hV 
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A  few  brief  notes  here  respecting  these  two  distiog^ished  men 
may  not  appear  to  be  altogether  without  interest. 

The  intellectual  labours  of  Leibnitz  and  Newton  were  not  confined 
to  mathematical  and  physical  researches.  Leibnitz,  endowed  with  a 
vigorous  and  versatile  genius,  had  acquired  habits  of  indomitable  in- 
dustry. His  contributions  on  almost  all  subjects  of  human  knowledge 
cQsptay  an  extraordinary  intellectual  energy.  ''His  powers/'  it  has 
been  truly  remarked,  **  were  dissipated  by  the  multiplicity  of  his  pur- 
suits.^ He  attempted  more  than  he  could  finish,  and  designed  more 
than  he  could  execute ; "  and,  as  an  independent  thinker,  he  was  more 
discursive  but  less  profoimd  than  Newton.  In  his  attempt  to  grasp 
the  whole  circle  of  the  sciences,  he  exemplified  the  saying  that  has 
been  applied  to  a  disting^shed  man  of  more  modem  times,  that  **  if 
Science  was  his  forte,  Omniscience  was  his  foible.'' 

The  tendency  of  his  mind  was  rather  to  disregard  the  obvious  con- 
duaions  of  experience  and  common  sense,  and  ''  to  regard  all  difficult 
things  as  eai^,  and  all  easy  things  as  difficult,"  according  to  his  own . 
account  of  himself.  He  was,,  as  his  father,  a  member  of  the  Lutheran 
church,  and  faithful  to  the  Confession  of  Augsburg,  He  advocated 
toleration,  and  earnestly  desired  the  reconciliation  of  the  Lutheran 
and  Boman  Catholic  communions.  His  more  enlightened  Lutheran 
friends  urged  that  the  Popes  and  their  agents  had  corrupted  the  pure 
truths  of  the  gospel  and  had  usxirped  a  tyrannical  control  over  the 
Christian  church;  that  the  persecution  of  the  Huguenots  in.  France 
supplies  evidenoe  how  little  reliance  could  be  placed  on  the  written  or 
verbal  promises  and  engagements  of  Eoman  Catholics ;  and  that,  so 
long  as  they  hold  that  their  church  cannot  err,  that  their  Pope  is  in- 


repeated  his  innovation.    This  practice  was  veiy  strongly  deprecated  at  the  time^ 
'bnt  the  superior  advantages  of  the  notation  of  LeibnitE  bemne  appredated,  and  aftec 
the  year  1819  the  use  of  the  fluxional  notation  entirely  disappetfed  in  the  ezwnina- 
tion  papers.    The  following  extract  of  a  letter  to  Mr.  J.  F.  W.  Herschel,  of  date 
6th  March,  181  ?•  from  Mr.  Whewell,  Fellow  of  Trinity,  may  be  read  with  interest : — 
"Yon  have,  I  presume,  seen  Peacock's  examination  papers.    They  have  made  a 
considerable  outcxy  here,  and  I  have  not  much  hope  that  he  wiU  be  moderator  again.' 
I  do  not  think  he  took  precisely  the  right  way  to  introduce  the  true  faith.    He  has 
stripped  his  analysis  of  its  applications,  and  turned  it  naked  among  them.    Of 
course  all  the  prudery  of  the  university  is  up  and  shocked  at  the  indecency  of  the 
spectacle.    The  cry  is,  '  Not  enough  philosophy.'    Now,  the  only  way  to  prevent 
sach  a  clamour  would  have  been  to  have  given  good,  intelligible,  but  difficult 
^ytical ,  problems,  things  which  people  would  see  they  could  not  do  their  own 
way,  and  which  would  excite  their  curiosity  sufficiently  to  make  them  thank  yoa 
for  your  way  of  doing  them.    Till  some  one  arises  to  do  this,  or  something  like  it» 
they  will  not  believe  even  though  one  were  translated  to  them  from  the  French." 
—P.  16,  vol.  ii.,  Account  of  the  Writings  of  W.  Whewell,  D.D.,  Master  of  Trinity 
College,  Cambridge,  with  Selections  from  his  Literary  and  Scientific  Correspond* 
«nce.    By  I.  Todhunter,  M.A.,  F.R.S.,  Honorary  Fellow  of  St.  John's  CoUege, 
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fallible  in  his  decision  of  religious  controverBies,  so  long  would  all 
proposals  for  union  between  the  Lutheran  and  Bomisli  churches^  be 
fruitless  and  inefiEective.  Notwithstanding  these  objections,  Leibnitz^ 
had  the  courage  to  attempt  the  impossible  problem  of  effecting  the 
union  of  the  Lutheran  and  Boman  Catholic  churches  in  Hanover.  He 
utterly  failed,  as  might  have  been  foreseen;  in  an  attempt  to  reconcile 
irreconcilable  contradictions. 

There  is  an  unfinished  treatise,  entiHed  '*  Systema  Theologicum,"*^ 
in  the  handwriting  of  Leibnitz,  preserved  in  the  Boyal  Library  of 
Hanover,  and  was  probably  written  about  the  year  1684.  The 
unscriptural  dogmas  of  the  Church  of  Borne  in  this  treatise  are  repre- 
sented in  a  light  more  favourable  than  might  have  been  expected 
from  a  Lutheran.  From  one  of  the  letters  of  Leibnitz  still  extant,  it 
appears  certain  that  the  treatise  was  composed  with  the  view  of  pro* 
meting  the  reconciliation  of  the  two  churches. 

Li  a  letter  to  his  Mend  Anthony  Amauld,  the  leader  of  the 
Jansenists,  he  stated  that  he  had  anxiously  sought  out  and  read  with 
the  utmost  attention  evexy  distinguished  antagonist  of  Christianity 
and  all  its  most  eminent  defenders.  He  honestly  and  vigorously 
contended  against  the  enemies  of  the  Christian  revelation,  and  his 
opinions  on  this  subject  will  appear  in  the  introductory  lines  of  his 
**  Systema  Theologicum."' 

^  Leibnitz  was  engaged  by  Ernest  Angostns,  the  Elector  of  Hanover,  to  write  the 
history  of  the  House  of  Brunswick.  In  order  to  execute  this  task,  he  travelled 
abroad  to  collect  materials  for  the  purpose.  While  he  was  in  Italy  he  met  with  an 
adventure  which,  in  a  small  way,  illustrates  a  Catholic  principle.  As  Leibnitz  was 
pwpoTig  in  a  small  barque  from  Venice  to  Hesola  a  storm  arose  ;  the  pilot,  believing 
the  German  to  be  a  heretic,  looked  on  him  as  the  cause  of  the  tempest  This  good 
Catholic,  supposing  he  was  not  understood  by  a  German,  proposed  to  strip  him  of 
his  clothes  and  money,  and  throw  him  overboard.  Leibnitz,  hearing  this  proposal 
of  the  pilot,  without  discovering  the  least  emotion,  drew  a  set  of  beads  from  his 
pocket,  and  began  to  turn  them  over  with  great  seeming  devotion.  The  artifice 
succeeded.  One  of  the  sailors  observed  to  the  pilot,  that  since  the  man  was  no 
heretic  he  ought  not  to  be  drowned. 

s  This  fragment  of  Leibnitz  has  been  printed  with  the  title  of  "A  System  of 
Theology  by  Godfrey  WiUiam  Yon  Leibnitz,  translated  with  an  Introduction  and 
Notes  by  Charles  William  Russell,  D.D.,  Professor  of  Ecclesiastical  History  in 
St.  Patrick's  College,  Maynooth."    8vo.     London,  1850. 

'  "After  a  long  and  mature  examination  of  the  controversies  on  the  subject  of 
religion,  in  which  I  have  invoked  the  Divine  assistance,  and  divested  myself,  as  far, 
perhaps,  as  is  possible  for  man,  of  party  feeling,  as  though  I  came  from  a  new  world, 
a  neophyte  unattached  to  any  party,  I  have  at  length  fixed  in  my  own  mind,  and, 
after  full  consideration,  resolved  to  adopt  the  following  principles,  which,  to  an 
miprqudiced  man,  will  appear  to  carry  with  them  the  recommendation  of  sacred 
Scripture,  of  pious  antiquity,  and  even  of  right  reason  and  the  authority  of  history. 

"  In  the  first  place,  then,  I  believe  in  the  existence  of  a  Most  Perfect  Substance, 
One,  etemkl,  omnipresent,  omniscient,  and  almighty,  which  we  call  God  ;  by  whom 
all  other  things  have  been  created  in  a  most  beautiful  order,  and  are  preserved  by  a. 
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This  truly  great  man,  Sir  Isaac  Newton,  ended  his  life  and  his 

lal)our8  on  the  28th  March,  1727,  in  the  eighty-fifth  year  of  his  age, 

having  retained  the  use  of  his  faculties  unimpaired  till  the  last.     He 

united  a  modest  simplicity  of  character  with  a  strong  aversion  to 

•engage  in  disputes  and  controversies.     Courteous  and   affable,  his 

exemplary  life  was  a  continued  series  of  generosity,  goodness,  and 

patient  labour.     His  modest  opinion  of  himself  appears  in  attributing 

his  discoveries  in  science  "  as  due  to  nothing  but  industry  and  patient 

thought."    He  was  firmly  attached  to  the  cause  of  liberty  and  the 

-constitution,  and  was  chosen  one  of  the  delegates  to  represent  the 

University  before  the  High  Commission  Court,  to  answer  for  their 

-<x>ntempt  of  the  mandamus  of  King  James  II.,  to  admit  a  papist  to 

^e  degree  of  M.  A.  without  taking  the  oaths  prescribed  by  the  statutes 

of  the  University.     In  1688  he  represented  the  University  in  the  Con- 


Bort  of  continued  production.  The  doctrine,  therefore,  of  those  who  conceive  God  to 
be  corporeal,  finite,  circumscribed  by  place,  and  ignorant  of  all  future  contingent 
events,  whether  absolute  or  conditional,  is  utterly  intolerable  ;  and  hence  I  strongly 
reprobate  certain  sectaries,  who  have  not  spared  even  this  first  principle  of  faith,  and 
who  entertain  most  unworthy  conceptions  of  God. 

''Now  this  Supreme  Intelligence  created,  in  order  to  His  own  glory,  other  intel- 
lectual beings,  whom  He  governs  with  most  perfect  justice ;  insomuch  that  any  one 
who  could  understand  the  whole  order  of  the  Divine  economy,  would  find  therein  a 
model  of  the  most  perfect  form  of  commonwealth,  in  which  it  would  be  impossible 
'for  a  philosopher  to  discover  a  single  want,  or  to  supply  anything  in  desire.    Hence 
we  must  avoid  those  opinions  which  represent  God  as  a  certain  supreme  power,  from 
'which  all  things,  although  they  emanate,  yet  emanate  Indiscriminately,  by  a  kind  of 

•  necessary  existence,  and  without  any  selection  of  the  beautiful  or  the  good  ;  as  if 

•  these  notions  were  arbitrary,  or  had  no  foundation  in  nature,  but  only  in  the  imagi- 
nation of  men.  For  God  is  not  only  the  supreme  Creator  of  all  existing  things,  but 
He  Is  also  the  beneficent  Prince  of  all  intellectual  beings,  and  in  some  sense  their 
legislator  ;  a  legislator,  however,  who  requires  nothing  from  His  subjects  but  souls 
actuated  by  sincere  affection,  animated  with  a  right  intention,  persuaded  of  the 
beneficence,  the  consummate  justice,  the  beanty,  and  goodness,  of  the  most  amiable 

^  of  all  lords  ;  and  therefore  not  merely  fearing  His  power  as  that  of  a  supreme  and 
all-seeing  Monarch,  but  also  confiding  in  His  benevolence,  and,  in  fine,  glowing  with 
Ihe  love  of  Him  above  all  things — a  sentiment  which  comprises  all  the  rest. 

"For  those  who  are  impressed  with  such  sentiments,  who  fix  them  deeply  in  their 

•  souls,  and  evince  in  their  lives  the  sincerity  of  their  convictions,  never  murmur 
against  the  Divine  will,  being  well  assured  that  all  things  must  conduce  to  the  good 

■  of  those  who  love  God  :  and,  as  they  are  content  with  the  past,  so,  in  what  concerns 
the  future,  they  seek  always  to  act  in  conformity  with  that  which  they  presume  to 
be  the  will  of  God.  Now  all  that  God,  in  proposing  rewards  and  punishments, 
requires  of  each  of  us  is,  that  he  labour  for  the  fulfilment  of  his  own  especial  duties  ; 
that,  like  the  first  man,  he  cultivate  the  garden  in  which  he  has  been  placed,  and 
'that,  in  imitation  of  the  Divine  goodness,  he  diffuse  his  beneficence  on  every  object 
•around  him,  but  especially  within  the  due  proportions  which  justice  requires,  on  all 
those  with  whom  he  may  be  thrown  into  intercourse,  as  being  his  neighbours  ; 
because,  among  the  creatures  which  come  within  our  sphere,  there  is  rone  Tnor«» 

•  excellent  than  man,  none  whose  perfection  is  more  gratefid  to  God." 
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Tontion  Parliament,  and  was  a  second  time  returned  in  1701.  His 
theological  writings  evince  his  sincere  belief  in  the  Eecords  of  the 
Christian  Heyelation,  and  a  passage^  in  the  general  scholium  at  the 

^  The  following  is  a  translation  of  the  passage : — 

"  This  most  beantifal  system  of  the  sun,  planets,  and  comets,  could  only  proceed 
from  the  counsel  and  dominion  of  an  intelligent  and  powerful  Being.  And  if  the 
fixed  stars  are  the  centres  of  other  like  systems,  these,  being  formed  by  the  like  wise 
counsel,  must  be  all  subject  to  the  dominion  of  One,  especially  since  the  light  of  the 
fixed  stars  is  of  the  same  nature  with  the  light  of  the  sun,  and  from  every  system 
light  passes  into  all  other  systems.  And  lest  the  systems  of  the  fixed  stars  should, 
hy  their  gravity,  fall  on  each  other  mutually.  He  has  placed  these  systems  at  immense 
-distances  one  from  another. 

"  This  Being  governs  all  things,  not  as  the  soul  of  the  world,  but  as  Lord  over 
all.     And  on  account  of  his  dominion  He  is  wont  to  be  called  Lord  God,  wsanoKpdr»p, 
or  Universal  Ruler.     For  Grod  is  a  relative  word,  and  has  a  respect  to  servants ;  and 
Deity  is  the  dominion  of  God,  not  over  His  own  body,  as  those  imagine  who  fancy 
God  to  be  the  soul  of  the  world,  but  over  servants.    The  supreme  God  is  a  Bein^ 
eternal,  infinite,  absolutely  perfect ;  but  a  being,  however  perfect,  without  dominion, 
cannot  be  said  to  be  Lord  God  ;  for  we  say,  my  God,  your  GK>d,  the  God  of  Israel* 
the  God  of  gods,  and  Lord  of  lords  ;  but  we  do  not  say,  my  Eternal,  your  Eternal, 
the  Eternal  of  Israel,  the  Eternal  of  gods  ;  we  do  not  say,  my  Infinite,  or  my  Perfect : 
these  are  titles  which  have  no  respect  to  servants.     The  word  God  usually  signifies 
Lord  ;  but  every  lord  is  not  a  god.     It  is  the  dominion  of  a  spiritual  bdng  which 
-constitutes  a  god  ;  a  true,  supreme,  or  imaginary  dominion  makes  a  true,  supreme,  or 
imaginaiy  god.    And  from  His  true  dominion  it  follows  that  the  true  God  is  a 
Living  Intelligent,  and  Powerful  Being ;  and  from  His  other  perfections,  that  He  i^ 
supreme  or  most  perfect.     He  is  eternal  and  infinite,  omnipotent  and  omniscient ; 
that  is,  His  duration  reaches  from  eternity  to  eternity ;  His  presence  from  infinity  to 
infinity ;  He  governs  all  things,  and  knows  all  things  that  are  or  can  be  done.     He 
is  not  eternity  nor  infinity,  but  eternal  luid  infinite  ;  He  is  not  duration  or  space, 
bat  He  endures  and  is  present.     He  endures  for  ever,  and  is  everywhere  present ; 
and  by  existing  always  and  everywhere.  He  constitutes  duration  and  space.    Since 
eveiy  jiarticle  of  space  is  always,  and  every  indivisible  moment  of  duration  is  every- 
where, certainly  the  Maker  and  Lord  of  all  things  cannot  be  never  and  nowhere. 
Every  soul  that  has  perception  is,  though  in  different  times  and  in  different  organs 
of  sense  and  motion,  still  the  same  indivisible  person.    There  are  given  successive 
parts  in  duration,  co-existent  parts  in  space,  but  neither  the  one  nor  the  other  in  the 
person  of  a  man,  or  his  thinking  principle  ;  and  much  less  can  they  be  found  in  the 
thinking  substance  of  God.     Every  man,  so  fiu*  as  he  is  a  thing  that  has  perception, 
is  one  and  the  same  man  during  his  whole  life,  in  all  and  each  of  his  organs  of  sense. 
Qod  is  the  same  God,  always  and  everywhere.    He  is  omnipresent,  not  rdrttuUly  only, 
but  also  fubUantially ;  for  virtue  cannot  subsist  without  substance.     In  Him  are  all 
things  contained  and  moved ;  yet  neither  affects  the  other :  God  suffers  nothing 
from  the  motion  of  bodies ;  bodies  find  no  resistance  from  the  omnipresence  of  God. 

"  It  is  allowed  by  all  that  the  supreme  God  exists  necessarily ;  and  by  the  same 
necessity  He  exists  always  and  everywhere.  Whence  also  He  is  all  similar,  a]l  eye, 
all  ear,  all  brain,  all  arm,  all  power  to  perceive,  to  understand,  and  to  act ;  but  in  a 
manner  not  at  all  human,  in  a  manner  not  at  all  corporeal,  in  a  manner  utterly 
unknown  to  us.  As  a  blind  man  has  no  idea  of  colours,  so  have  we  no  idea  of  the 
manner  by  which  the  all-wise  God  perceives  and  understands  all  things.  He  is 
utterly  void  of  all  body  and  bodily  figure,  and  can  therefore  neither  be  seen,  nor 
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end  of  the  second  edition  of  his  great  work,  exhibits  his  conception 
of  the  Deity  as  the  Creator  and  Buler  of  the  uniyerse. 

In  the  year  1715,  Dr.  Brook  Taylor,  of  St.  John's  College,  Cam- 
bridge, published  his  '^  Methodus  Incrementorum  Directa  et  Inversa'' 
in  a  quarto  volume.  He  gives  to  the  differences  of  two  variable  quantities 
the  name  of  increments  or  decrements,  whether  considered  finite  or  in- 
finitely small,  of  two  consecutive  terms  in  a  series  formed  according  to 
a  given  law.  When  these  differences  are  indefinitely  small,  the  calcu- 
lus of  them,  both  direct  and  inverse,  belongs  to  the  Differential  Calculus. 
But  when  the  differences  are  finite,  the  method  of  finding  the  relations 
they  bear  to  the  quantities  that  produce  them,  forms  a  new  kind  of 
calculus,  the  first  principlea  of  which  were  given  by  Dr.  Brook  Taylor 

himself. 

His  work  is  extremely  concise  and  somewhat  obscure.    M.  Nicole, 

a  French  mathematician,  has  clearly  imfolded  the  method  for  resolv- 
ing finite  differences,  which  may  be  read  in  the  Memoirs  of  the  French 
Academy  of  Sciences  for  1717  and  1728;  and  these  articles  may  be 
con8ider.id  as  the  first  elementary  treatise  on  the  Integral  Calculus 
with  finite  differences.  In  one  of  the  corollaries  to  the  seventh  pro- 
position in  his  work,  Dr.  Brook  Taylor  has  given  a  new  theorem  of  the 
highest  importance  and  of  very  extensive  use  in  mathematical  reason- 
ings. It  consists  of  a  series  in  ascending  powers  of  the  increment,  to 
express  what  any  function  of  a  variable  quantity  becomes,  when  the 
variable  qiiantity  receives  any  increment  whatever.  This  famous 
theorem  is  called  '^  Taylor's  Theorem,"  from  the  name  of  its  inventor. 
It  was  originally  expressed  in  the  fluxional  notation;  but  in  later 
times  it  has  been  expressed  in  the  notation  of  the  Differential  Gel- 
cuius,  and  extended  to  functions  of  two  or  more  variable  quantities. 

heard,  nor  touched ;  nor  ought  He  to  be  worshipped  under  the  representation  of  any 
oorporeal  thing.  We  have  ideas  of  His  attributes,  but  what  the  real  substance  of 
anything  is,  wo  know  not.  In  bodies  we  sec  only  their  figures  and  colours,  we  hear 
only  the  sounds,  we  touch  only  their  outward  surfaces,  we  smell  only  the  smells,  and 
taste  the  savoura ;  but  their  inwaixl  substances  are  not  to  be  known,  either  by  our  senses, 
or  by  any  reflex  act  of  our  minds  ;  much  less  then  have  we  any  idea  of  the  substance  of 
God.  We  know  Hici  only  by  His  most  wise  and  excellent  contrivances  of  things, 
and  final  causes ;  we  admire  Him  for  His  perfections,  but  we  reverence  and  adoi^ 
Him  on  account  of  His  dominion.  For  we  adore  Him  as  His  servants,  and  a  God 
without  dominion,  providence,  and  final  causes,  is  nothing  else  but  fate  and  nature. 
Blind  metaphysical  necessity,  which  is  certainly  the  same  always  and  everywhere, 
could  produce  no  variety  of  things.  All  that  diversity  of  natui*al  things  which  we 
find,  suited  to  different  times  and  places,  could  arise  from  nothing  but  the  ideas  and 
will  of  a  Being  necessarily  existing.  But  by  way  of  allegory,  God  is  saf  d  to  see,  to 
apeak,  to  laugh,  to  love,  to  hate,  to  desire,  to  give,  to  receive,  to  rejoice,  to  be  angry, 
to  fight,  to  frame,  to  work,  to  build.  For  all  our  notions  of  God  are  taken  from  the 
ways  of  mankind,  by  a  certain  similitude  which,  though  not  perfect,  has  eom& 
likeness,  however.  And  thus  much  concerning  God ;  to  discourse  of  whom  from  the 
appearances  of  things,  does  certainly  belong  to  natural  x)hilosophy. " 
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In  the  £rst  chapters  of  his  "Institations,"  Euler  gave  a  lucid  explana* 
tion  of  the  principles  of  this  subject;  it  was  also  treated  by  Emerson 
in  his  Method  of  Increments,  which  was  published  in  1763. 

The  formula  which  is  generally  known  as  Maclaurin's  Theorem^ 
will  be  found  in  p.  610  of  the  second  volume  of  his  treatise  on 
Fluxions,  published  in  1742.  It  may,  however,  be  noted  that  the 
same  formula  appears  in  p.  102  of  Stirling's  *'  Methodus  DifferentialiSy'^ 
which  was  published  in  1730.  This  theorem  may  easily  be  deduced 
fit)m  Taylor's  Theorem  (of  which  it  is  a  particular  case),  and  is  useful 
in  finding  the  expansion  of  any  function  of  a  variable  in  a  series  of 
ascending  powers  of  that  variable. 

The  labouzB  of  the  Bemoullis  in  connection  with  Leibnitz  contributed 
Tery  largely  to  the  progress  of  the  new  calculus  on  the  Continent. 
Soon  after  the  early  essays  of  Leibnitz  appeared  in  the  Leipsic 
Acts,  in  which  the  art  and  method  of  his  calculus  were  not  fully  dis* 
dosed,  James  Bernoulli  and  his  brother  John,  having  read  these  papers, 
saw  the  advantages  of  his  method,  and  were  induced  to  attempt  to 
«daieh  oat  the  faU  meaning  of  Leibnitz.  Their  efforts  ended  in  such 
suooess,  that  Leibnitz  himself  is  reipoTtei  to  have  declared  that  the 
invention  belonged  to  them  as  much  as  to  himself. 

The  contnbutions  of  John  Bernoulli  are  printed  in  the  Leipsic  Acts 
and  in  the  Memoirs  of  the  French  Aoademy.  His  oolleoted  works 
were  published  at  Geneva  in  four  quarto  volumes  in  1742.  The 
valuable  papers  of  James  Bernoulli  on  the  calculus  and  various  other 
ffiibjeots  were  printed  in  the  Leipsic  Acts.  His  works,  that  had  been 
previously  printed,  were  oollected  and  published  at  Geneva  in  two 
quarto  volumes,  in  1744.  His  papers  on  the  Integral  Oaloulus  give 
an  exoeillent  exposition  of  the  subject,  especially  in  tiie  formation  and 
integration  of  differential  equations.  Daniel  Bernoulli,  one  of  the  sons 
of  John  Bernoulli,  was  an  eminent  mathematician,  and  during  his 
lifetime  he  was  successful  in  bearing  off  ten  prizes  £rom  the  Academy 
of  Scienoes,  which  were  contended  for  by  the  greatest  mathematicians 
of  Europe.  In  the  year  1734  he  divided  the  honour  of  one  of  them 
with  his  father,  which  caused  an  estrangement  between  them. 

John  de  Sond  D'Alembert  was  one  of  the  most  eminent  scholars 
and  mathematicians  of  his  age.  He  was  bom  in  1717,  and  died  in 
1783.  His  literary  and  scientific  labours  embraced  numerous  subjects 
on  philology,  history,  and  philosophy.  His  new  principle  of  the 
calculus  of  differences  he  exemplified  in  the  discourse  on  the  general 
theoiy  of  the  winds,  for  which  the  prize  medal  of  the  Academy  of 
Berlin  was  adjudged  in  1746.  He  also  applied  the  same  principle  to 
the  problems  of  vibrating  chords  and  the  propagation  of  sound.  His 
writings  contain  some  valuable  papers  on  the  Integral  Calculus.  The 
mathematical  writings  of  D'Alembert  were  published  under  the  title 
of  '*  Opuscules  Mathematiques,  ou  Memoires  sur  differens  sujets  de 
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Ofometrie,   de    Mechaniques,    d'Optiques,   d'ABtronomie,"   in  eight 
qtiarto  Tolnmes,  between  the  years  1761  and  1780. 

Euler  published  his  "  Institutiones  Calculi  Differentialis '*  in  1755, 
and  his  '^  Institutiones  Calculi  Integralis  "  in  1768-70.  In  the  preface 
to  the  former  he  describes  the  Differential  Calculus  as  "  the  art  of 
finding  the  Tanishiug  increments  that  any  functions  acquire,  when  we 
attribute  to  the  yariable  quantity  of  which  they  are  functions  a  Tanish- 
ing  increment."  His  ''Methodus  inyeniendi  lineas  curras  maTimi 
minimiye  proprietate  gaudentes  "  was  published  at  an  earlier  period^ 
in  the  year  1744. 

It  has  been  seen  that  there  is  a  marked  difference  between  the 
original  conceptions  of  Newton  and  Leibnitz  with  respect  to  the 
foundations  of  the  calculus.  The  differentials  of  Leibnitz  were  in- 
definitely small  quantities  added  to,  or  subtracted  from  the  variable 
quantity.  Newton  introduced  into  his  method  of  fluxions  the  concep- 
tion of  time  and  motion — subjects  foreign  to  geometry,  and  belonging 
to  the  science  of  dynamics.  Thus  he  employed  motion  as  the  means 
of  connecting  its  principles  with  ordinary  Algebra ;  whereas  Leibnitz 
considered  the  increase  or  decrease  of  a  variable  to  arise  from  the 
continued  addition  or  subtraction  of  independentiy  small  parts  without 
any  reference  to  time.  Mathematicians  have  differed  in  opinion  as  to 
the  most  scientific  method  of  laying  down  the  principles  of  the 
calculus,  and  different  attempts  have  been  made  to  substitute  other 
methods  than  those  of  Newton  and  Leibnitz,  but  none  of  them  has 
been  more  favourably  considered  than  that  of  La  Orange. 

La  Grange  proposed,  in  the  Memoirs  of  the  Berlin  Academy  for 
1772,  to  make  the  calculus  dependent  on  the  ordinary  principles  of 
Algebra,  divesting  the  subject  of  the  consideration  of  the  limiting  ratio 
of  inde&iitely  small  increments.  He  subsequently  extended  his  views 
of  the  subject,  and  published  in  1797  his  method  in  a  volume  entitled 
'<Th6orie  des  Fimctions  Analytiques,  contenant  les  principes  du 
Calctd  Diff6rentiel,  d6gag6s  de  tout  consideration  d'infiniment  petits, 
d'6vanouissants ;  de  limits  et  de  fluxions  et  reduits  a  I'analyse  Alge- 
brique  des  quantiti6s  finies."  He  farther  elucidated  and  completed 
his  views  in  another  work  which  he  published  in  1801,  with  the  tide, 
''  Leqons  sur  le  Calcul  des  Fonctions." 

He  makes  the  basis  of  his  method  Taylor's  Theorem,  the  form  of 
which  he  obtains  by  the  processes  of  ordinary  Algebra.  As  in  the 
method  of  finite  differences,  he  considers  differentials  as  finite  quanti- 
ties, always  indeterminate,  so  that  they  can  be  made  as  small  as  we 
please.  He  has  also  given  theorems  for  the  determination  of  the 
limits  between  which  lies  the  remainder  of  Taylor's  series  after  a  finite 
number  of  terms  has  been  found. 

La  Ghrange  devised  a  formula  that  bears  his  name,  which  is  use* 
ful  for  the  development  of  implicit  functions.  It  fii*st  appeared  in 
the  Berlin  Memoirs  for  the  year  1770. 
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A  more  general  formula  for  the  developement  of  implicit  functions 
was  discovered  bj  La  Place,  and  was  first  printed  in  the  Memoirs  of 
the  French  Academy  of  Sciences  for  1777.  La  Grange's  theorem  is 
only  a  particular  case  of  the  theorem  of  La  Place. 

The  calculus  of  variations,  an  important  improvement  in  the  cal- 
culus, is  due  to  La  Orange.  His  papers  on  the  subject  are  printed  in 
the  second  and  fourth  volumes  of  the  Miscel.  Taur.  1760  to  1769. 

The  principal  object  of  this  calculus  is  to  solve  generally  certain 
questions  of  maxima  and  minima.  Li  the  ordinary  questions  of  the 
subject,  it  is  required  to  find  the  values  which  must  be  assigned  to 
different  variables  which  enter  into  a  proposed  finite  function  of  these 
variables,  so  that  this  function  may  attain  its  greatest  or  least  possible 
value.  In  the  calculus  of  variations,  on  the  contrary,  it  is  required  to 
find  the  ratios  between  the  variables,  in  order  to  satisfy  the  condition 
of  a  maximum  or  minimum.  Besides,  the  function  which  must  be  a 
maximum  or  minimum  is  not,  as  in  ordinary  questions,  solely  com- 
posed of  finite  quantities^  but  it  must  be  the  integral  simply  marked 
of  a  differential  function  which  is  not  to  be  integrated. 

In  1797,  M.  Gamot  published  his  ^'  Befiexions  on  the  Metaphysical 
Principles  of  the  Infinitesimal  Analysis."  It  was  translated  into  English 
by  the  Bev.  W.  E.  Browell,  M.A.,  Fellow  of  Pembroke  College, 
Oxford,  and  published  at  Oxford  in  1832. 

Every  expression  of  Algebra  must  necessarily  g^ve  an  idea  rather 
of  a  set  of  operations  to  be  performed  upon  quantities  than  of  the 
quantity  itself  which  restdts  from  performing  these  operations. 
Nothing  is  more  difBlcult  than  the  necessity  of  considering  a  com- 
plicated literal  expression  as  the  valu0  of  an  unknown  quantity  instead 
of  the  exhibition  of  the  processes  by  which  the  value  is  to  be  ob- 
tained, so  soon  as  the  subjects  of  operation  shall  have  received 
specific  values.^ 

Many  of  the  calculations  with  which  we  are  familiar  consist  of  two 
parts,  a  direct  and  an  inverse ;  as  when  we  consider  an  exponent  of  a 
quantity.  For  instance,  to  raise  any  number  to  a  given  power  is  the 
direct  operation ;  to  extract  a  given  root  of  any  number  is  the  inverse 
method.  The  Differential  Calculus,  which  is  a  direct  method,  naturally 
gave  rise  to  the  Integral,  which  is  its  inverse ;  the  same  remark  is 
applicable  to  finite  differences.  In  all  these  cases  the  inverse  method  is 
by  far  the  most  difficult,  and  it  might  perhaps  be  added  the  most  useful. 
If  an  unknown  quantity  be  given  by  means  of  an  equation,  it 
becomes  a  question  io  determine  iU  value  :  similarly,  if  an  unknown 
function  be  given  by  means  of  any  functional  eqmition,  it  is  re- 
quired to  auign  its  form.  In  the  first  case,  it  is  quantity  which  is  to 
he  determined ;  in  the  second,  it  is  the  form  assumed  by  quantity,  that 


^  Encydop.  Metropol.,  ii. ;  Babbage,  p.  866. 
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1)60011168  tho  Bubject  of  investigation.  In  the  one  case,  the  yaiiona 
powers  of  the  unknown  quantity  enter  into  the  equation ;  in  the  other, 
the  different  orders  of  the  function  are  concerned."  ^ 

When  Harriott  transposed  the  absolute  term  of  an  equation  to  the 
same  side  as  the  other  terms  which  involve  the  unknown  quantity, 
he  was  enabled  to  show  that  an  equation  of  any  degree  could  be 
formed  with  simple  equations ;  and  conversely,  that '  every  equation 
has  as  many  roots  as  are  denoted  by  the  index  of  the  highest  power 
of  the  unknown  quantity.  From  that  time  the  problem  for  the  solu- 
tion of  equations  became  the  discovery  of  some  general  method  by 
which  the  roots  could  be  readily  found.  Solutions  of  certain  forms  of 
cubic  and  biquadratic  equations  had  been  devised  by  Tartaglia  and 
Eerrari ;  but  a  like  success  has  not  attended  the  attempts  of  mathema- 
ticians to  solve  equations  of  the  fifth  and  higher  degrees. 

In  his  researches  in  numerical  equations  Newton  was  led  to  seek 
the  limits  within  which  the  real  roots  were  situated,  and  then  to  deter- 
mine their  value  by  a  method  of  approzimatdon  which  bean  his  name. 
The  difficulties  and  imperfections  of  this  method  were  pointed  out  by 
La  Grange  in  his  ''  Trait6  de  la  Besolution  des  Equations  Num^rique& 
de  tons  les  degr^s,"  which  was  first  published  in  1798 ;  and  he 
exhibited  a  method  whereby  the  roots  oould  be  found  in  the  fonn  of 
continued  fractions. 

During  the  present  century  numerous  attempts  have  been  made  to 
discover  a  general  method  of  finding  the  roots  of  any  equation,  at  the 
same  time  short  and  easy  in  its  application.  The  valuable  oontiibu- 
tions  of  M.  Budan  were  published  in  1803,  and  those  of  M.  Fourier, 
after  his  death  in  1831,  by  M.  Navier. 

In  this  brief  sketch  it  would  not  be  possible  to  notice  all  the 
ingenious  and  curious  methods  which  have  been  proposed  to  simplify 
or  effect  the  solution  of  numerical  equations.  There  are,  however, 
two  methods  which  appear  to  have  superseded  all  preceding  attempts 
in  this  direction. 

Mr.  Homer's  method  of  approximating  to  the  roots  of  numerical 
equations  first  appeared  in  ijie  Transactions  of  the  Soyal  Society 
for  the  year  1819,  and  afterwards  in  other  scientific  publications.  It 
oonsiBts  of  a  general  process,  simple  and  easy,  of  approximation,  for 
finding  the  roots  of  numerical  equations.  As  in  the  extraction  of  the 
roots  of  numbers,  so  in  this  general  evolution  of  the  roots  of  equations; 
the  first  figure  of  a  root  is  found  by  trial,  and  the  other  figures,  one 
by  one,  are  determined  by  successive  steps.  The  first  figure  of  the 
root  sought,  with  its  algebraical  sign,  is  first  required  to  be  known 
before  the  method  can  be  applied. 

An  important  theorem  of  M.  Sturm  was  printed  in  the  sixth  volume 

^  PhiL  Tnns.,  1815 ;  BabUge,  p.  889. 


41 

for  1835  of  the  ''  M4nioires  prSsent^s  par  diyers  Savans  d  rAcademie 
Soyale  des  Sciences  de  Tlnstitat  de  Eranoe." 

The  mathematical  prize  for  1834  of  the  French  Academy  was 
awarded  to  M.  Sturm  on  account  of  this  discovery.  His  memoir 
exhibits  a  method  of  separating  the  real  from  the  imaginary  roots  of 
numerical  equations,  tibie  negative  as  well  as  the  positive,  and  of 
finding  the  integral  limits  between  which  the  roots  are  situated. 

It  will  hence  appear  that,  by  a  combination  of  the  methods  of  v 
Mr.  Homer  and  M.  Sturm,  the  number  and  situation  of  the  real  ^ 
roots  of  any  numerical  equation  can  be  ascertained,    and  approxi- 
mate numerical  results  may  be  found  to  any  degree  of  accuracy 
required. 

Some  of  the  recent  extensions  and  additions  to  the  science  of 
Algebra,  on  account  of  their  importance,  require  not  to  be  passed  over 
in  silence.  Dr,  Salmon,  at  the  end  of  the  third  edition  of  his  work, 
entitled, ''  Lessons  introductory  to  the  Modem  Higher  Algebra,"  has 
added  an  historical  account  of  the  names  and  methods,  and  of  the 
fonnations  and  properties  of  these  functions.  He  states  that  the 
first  idea  of  determinants,  one  class  of  these  functions,  originated 
with  Leibnitz,  and  the  method  fell  into  oblivion  until  Cramer,  in  1750, 
rediscovered  the  idea,  and  exhibited  the  determinants  arising  from 
linear  equations.  The  subject  since  that  time  has  engaged  the  atten- 
tion of  mathematicians,  and  considerable  advancements  have  been 
made  at  different  times.  The  more  recent  discoveries  of  Professor 
Oayley  and  Professor  Sylvester  have  contributed  largely  to  the  comple- 
tion and  perfection  of  these  new  methods,  as  may  be  seen  in  their  con- 
tcibations  which  have  appeared  in  the  Philosophical  Transactions  and 
other  scientific  journals.  Besides  Dr.  Salmon's  '^  Lessons,"  other 
elementary  treatises  on  this  subject  have  been  published,  of  which 
may  be  mentioned  Spottiswoode's  Elementary  Theorems  relating  to 
Determinants,  London,  1851 ;  Brioschi  on  the  same  subject,  Pavia, 
1854 ;  and  Baltzer's  work,  Leipzig,  1857. 

In  closing  these  brief  notices  respecting  the  history  of  Algebra, 
it  may  not  be  altogether  useless  to  add  a  few  remarks  for  the  con- 
sideration of  intelligent  students  who  are  desirous  of  securing  the 
advantages  to  be  gained  from  the  study  of  the  mathematical  sciences. 
It  has  been  remarked  by  a  distinguished  writer,  ''  that  mathematical 
studies,  judiciously  pursued,  form  one  of  the  most  effective  means  of 
developing  and  cultivating  the  reason." 

There  is  a  necessaiy  connection  between  cause  and  effect,  and  that 
the  same  causes  uniformly  produce  the  same  effects,  and  that  the 
«ame  effects  will  uniformly  follow  the  action  of  the  same  causes  in 
the  future  as  have  been  observed  in  the  past,  are  admitted  as  the 
fundamental  principles  of  all  reasonings,  whether  deductive  or  in- 
ductive. 
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All  reasoning  must  rest  upon  facts  or  primary  intuitire  concep- 
tions wliich  are  admitted  from  the  evidence  contained  in  themselves 
as  obvious  to  the  senses  and  the  reason ;  and  are  simply  admitted,  and 
believed  as  true,  becaiise  it  is  impossible  to  disbelieve  them  without 
manifest  absurdity. 

There  are  also  distinctions  between  mathematical  and  moral  evi- 
dence, as  there  are  between  conclusive  and  cumulative  arguments ;  but 
the  modes  of  reasoning,  and  the  forms  of  argument,  and  the  laws  of 
inference,  are  the  same  in  all  subjects  of  human  inquiry. 
In  the  appropriate  language  of  Dr.  Whewell — 
**  The  chains  of  the  logician  generally  consist  only  of  two  orthre» 
links.    In  the  mathematics,  on  the  contrary,  every  theorem  is  an  ex- 
ample of  an  extended  progressive  chain;   every  proof  consists  of 
series  of  assertions,  of  which  each  depends  on  the  preceding,  but  of 
which  the  last  inferences  are  no  less  evident,  or  no  less  easily  applied, 
than  the  simplest  first  principles.    The  language  contains  a  constant 
succession  of  short  and  rapid  references  to  what  has  been  proved 
already,  and  it  is  justly  assumed  that  each  of  these  brief  movements 
helps  the  reasoner  forward  in  a  course  of  infallible  certainty.    Each 
of  these  hasty  glances  must  possess  the  clearness  of  intuitive  evidence 
and  the  certainty  of  mature  reflection,   and    yet  must  leave  the 
reasoner's  mind  entirely  free  to  turn  instantly  to  the  next  step  of  his 
progress." 

The  late  Professor  Sedgwick,  in  a  discourse  he  delivered  in  the 
College  Chapel  in  1831,  on  the  occasion  of  the  annual  commemoration 
of  the  founder  and  benefactors  of  Trinity  College,  exhorted  the  junior 
members  of  the  college  in  the  following  words  with  respect  to  their 
mathematical  studies : — 

'<  A  study  of  the  laws  of  nature  for  many  years  has  been,  and  I 
hope  ever  will  be,  held  up  to  honour  in  this  venerable  seat  of  the  dis- 
coveries of  Newton.  But  in  this,  as  in  every  other  field  of  labour,  no 
man  can  put  aside  the  curse  pronounced  on  him — that  by  the  sweat 
of  his  brow  he  shall  reap  his  harvest.  Before  he  can  reach  that  eleva- 
tion from  whence  he  may  look  down  and  comprehend  the  mysteries  of 
the  natural  world,  his  way  is  steep  and  toilsome,  and  he  must  read 
'4  the  records  of  creation  in  a  strange,  and  to  many  minds,  a  repulsive 
language,  which,  rejecting  both  the  senses  and  the  imagination,  speaks 
only  to  the  understanding.  But  when  this  language  is  once  learnt,  it 
becomes  a  mighty  instrument  of  thought,  teaching  us  to  link  together 
the  phenomena  of  past  and  future  times ;  and  gives  the  mind  a  domina- 
tion over  many  parts  of  the  material  world,  by  teaching  it  to  compre- 
hend the  laws  by  which  the  actions  of  material  things  are  governed. 
To  follow  in  this  track,  first  trodden  by  the  immortal  Newton — ^to  study 
this  language  of  pure  unmixed  truth,  is  to  be  regarded  not  only  as 
your  duty,  but  your  high  privilege.    It  is  no  servile  task,  no  ungene* 
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TOU8  labour.  The  laws  by  which  God  has  thought  good  to  govern  thei 
uniyeise  are  surely  subjects  of  lofty  contemplation ;  and  the  study  of 
that  symbolical  language  by  which  alone  these  laws  can  be  fully  de- 
ciphered, is  well  deserving  of  your  noblest  efiEbrts."^ 

Lord  Brougham  has  pointed  out,  in  the  following  expressiv^^ 
language,  how  a  student  may  acquire  some  certain  knowledge  of  one 
of  the  systems  of  worlds  in  the  xmiverse — that  in  which  the  sun  ia 
the  central  orb  around  which  revolve  the  earth  and  the  other  planets. 
of  the  system : — 

*'  The  reader  of  the  Principia,  if  he  be  a  tolerably  good  mathe- 
matician, can  follow  the  whole  chain  of  demonstration  by  which  th& 
xmiversality  of  gravitation  is  deduced  from  the  fact,  that  it  is  a  power 
acting  inversely  as  the  square  of  the  distance  irom  the  centre  of  at- 
traction. Satisfying  himself  of  the  laws  which  regulate  the  motion 
of  the  bodies  in  trajectories  around  given  centres,  he  can  convince^^ 
himself  of  the  sublime  truths  unfolded  in  that  immortal  work,  and 
must  yield  his  assent  to  this  position,  that  the  moon  is  deflected  from 
the  tangent  of  her  orbit  round  the  earth  by  the  same  force  by  which 
the  satellites  of  Jupiter  are  deflected  from  the  tangent  of  theirs,  th»^ 
very  same  force  which  makes  a  stone  unsupported  fall  to  the  ground. 
The  reader  of  the  '  Mecanique  Celeste,'  if  he  be  a  still  more  learned 
mathematician,  and  versed  in  the  modem  improvements  of  the  calculus 
which  Newton  discovered,  can  follow  the  chain  of  demonstration  by 
which  the  wonderful  provision  made  for  the  stability  of  the  universe^ 


*  Pp.  10,  11,  "A  Discourse  on  the  Studies  of  the  University  of  Cambridge,"  by 
Adam  Seilgwick,  M.A.,  F.R.6.,  Woodwardian  Professor,  and  Fellow  of  Trinity 
CoUege.  The  Fifth  Edition,  with  additions,  and  a  Preliminary  Dissertation. 
Cambridge,  1850. 

The  occasion  of  the  first  publication  of  this  discourse  of  Professor  Sedgwick  is  not 
without  some  interest.  The  writer  can  never  forget  the  electric  effect  of  the  dis- 
course on  his  own  mind,  and  on  the  minds  of  some  other  undergraduates  who  were 
present  on  that  occasion.  Wo  were  all  so  deeply  impressed  with  the  excellency  of 
the  counsels  that  the  professor  had  delivered  in  his  eloquent  and  expressive 
language,  that  we  consulted  together,  and  agreed  to  request  the  professor  to  print  hia 
discourse.  A  requisition  was  drawn  up  and  signed  by  some  of  the  undergraduates 
who  heard  the  discourse,  and  it  was  placed  in  the  hands  of  Mr.  Whewell,  one  of  thfr 
tators  of  the  college,  to  present  to  the  professor.  It  appears  that  when  the  requisi- 
tion was  placed  in  Mr.  WhewcU's  hands,  the  professor  had  left  college  for  the- 
Christmas  vacation.  Mr.  Whewell,  however,  lost  no  time  in  communicating  with 
the  professor,  as  will  appear  from  the  following  extract  of  a  letter  of  the  date,  Trinity 
College,  Dec.  23, 1831  :— "My  dear  Sedgwick, — When  you  had  scribbled  down  the 
last  sentence  of  your  sermon  after  the  bell  had  stopt,  and  had  succeeded  by  a  sort  of 
miracle  in  reading  your  pothooks  without  spectacles,  omitting,  however,  half  the 
sentences,  and  a  quarter  of  the  syllables  of  tiiose  which  remained,  I  dare  say  you 
thought  you  had  done  marvellously  well,  and  had  completed,  or  more  properly  had 
ended,  your  task.  In  this,  however,  you  were  mistaken,  as  I  hope  soon  to  make  you 
acknowledge.    The  rising  generation,  who  cannot  err,  inasmuch  as  they  will  dis- 
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is  deduced  from  the  fiict,  that  the  direction  of  all  the  pLinetaij 
motionB  is  the  same—the  eccentricity  of  their  orhits  smaO,  and  the 
angle  formed  hy  tlie  plane  of  their  orbits  with  that  of  the  ecliptic 
acnte.  Satisfyinghimself  of  the  laws  which  regulate  the  mutual  actiona 
of  these  bodies,  he  can  conyince  himself  of  a  truth  yet  more  sublime 
than  Newton's  disooyery,  though  flowing  from  it,  and  must  yield  his 
assent  to  the  nuurellous  position  that  all  the  irreg^ularities  occasioned 
in  the  system  of  the  universe  by  the  mutual  attraction  of  its  mem- 
bers are  periodical,  and  subject  to  an  eternal  law  which  prevents 
them  fr^nn  ever  exceeding  a  stated  amount,  and  secures  through  all 
time  the  balanced  structure  of  a  universe  composed  of  bodies  whose 
mighty  bulk  and  prodigious  swiftness  of  motion  mock  the  utmost 
"efforts  of  the  human  imagination.  All  these  truths  are  to  the  skilfdl 
mathematician  as  thoroughly  known,  and  their  evidence  is  as  dear,  as 
the  simplest  proposition  of  Arithmetic  is  to  common  understandings. 
But  how  few  are  those  who  thus  know  and  comprehend  them ! " ' 


coitne  most  wiM  and  trne  sentences  when  yoa  and  I  are  laid  in  the  allnvial  soil, 
•^.eclare  that  their  intellectnal  culture  requires  that  you  ahould  print  and  pubUah 
your  sermon.  I  will  give  you  a  list  on  the  other  side  of  the  names  [25]  of  the  persona 
who  have  joined  in  expressing  this  wish.  I  undertook  very  willingly  to  communi- 
cate this  their  desire  to  your  reverence,  inasmuch  as  I  thought  your  sermon  full  of 
notions,  as  the  Americans  speak,  which  it  will  he  very  useful  and  beneficial  to  put  in 
their  heads ;  or  rather  to  cidl  them  out,  for  a  great  number  of  those  good  thoughts 
are  already  ensconced  in  the  excellent  noddles  of  our  youngsters,  like  flies  in  a  book- 
case in  winter,  and  require  only  the  sunshine  of  your  seniorial  countenance  to  call 
them  into  life  and  volatility.  I  do  not  know  anything  which  will  more  tend  to  fix 
in  their  minds  all  the  good  they  get  here,  than  to  have  such  feelings  as  you  ex- 
pressed, at  the  same  time  the  gravest  and  the  most  animating  which  belong  to  our 
position,  stamped,  upon  a  solemn  and  official  occasion,  as  the  common  property  of 
them  and  us.  And  1  also  think  it  of  consequence  that,  when  they  on  their  side  proffer 
their  sympathy  in  such  reflections,  we,  on  ours,  that  is,  in  tiie  present  case,  your 
dignified  self^  should  not  be  backward  in  meeting  them,  by  giving  to  all  parties  tlie 
means  of  returning  to  and  dwelling  upon  these  reflections.  Such  is  my  thinking  about 
this  matter,  and  therefore  I  have  undertaken  to  uige  their  request ;  and  I  hope  you 
will  be  able  to  extract  from  some  abyssmal  recess  your  manuscript,  and  to  place  it 
before  the  astonished  eyes  of  the  compositor.  It  is  probable  that  he  will  look,  as 
Bante  says  the  ghosts  looked  when  they  peered  at  him,  like  an  old  cobbler  threading 
his  needle, — but  never  mind  that.  The  fronts  of  compositors  were  made  to  be 
corrugated  by  good  sentences  written  in  most  vile  hands  ;  so  let  him  fulfil  his  destiny 
without  loss  of  time." 

This  extract  is  taken  from  Mr.  Todhunter's  account  of  the  writin,<^  and  sMe'^.tionn 
from  Dr.  WhewoU's  correspondence,  pp.  149,  150,svol.  ii. 

Professor  Sedgwick  printed  his  discourse  and  presented  a  copy  of  ir  to  each  of  tho 
undergraduates  who  signed  the  requisition. 

*  Pp.  172,  173,  vol.  ii.,  "Dissertations  on  Subjects  of  Science  connected  with 
Natural  Theology:  being  the  concluding  volumes  of  the  new  edition  of  Paley*s 
Natural  Theolog)'."  By  Henry  Lord  Brougham,  F.R.S.,  and  Member  of  the  National 
Institute  of  France.    2  vols.    London.    1889, 
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In  the  year  1869  an  important  work  was  published  by  Professor 
Ohallisy  bearing  the  title  of  Notes  on  the  Principles  of  Pure  and 
Applied  Calculation ;  and  Applications  of  Mathematical  Principles  to 
Theories  of  the  Physical  Forces."  In  the  introduction  the  author  states 
that  ''the  first  part^  is  not  immediately  subservient  to  the  second, 
excepting  so  far  as  results  obtained  in  it  are  applicable  in  the  latter. 
In  the  second  part,  the  mathematical  reasoning  rests  on  hypotheses. 
It  does  not  concern  me  to  inquire  whether  these  hypotheses  are 
accepted,  inasmuch  as  they  are  merely  put  upon  trial.  They  are  proved 
to  be  true,  if  they  are  capable  of  explaining  all  phenomena,  and  if 
they  are  contradicted  by  a  single  one,  they  are  proved  to  be  false.  .  . 
Some  may  think  that  I  have  deferred  too  much  to  Newton's  authority. 
I  do  not  feel  that  I  have  need  of  authority ;  but  I  have  a  distinct 
perception  that  no  method  of  philosophy  can  be  trustworthy  whieh 
disregards  the  rules  and  principles  laid  down  in  Newton's  Principia.  .  . 
In  the  philosophy  I  advocate  there  is  nothing  speculative.  Speculation, 
as  I  understand  it,  consists  in  personal  conceptions,  the  truth  of  which 
does  not  admit  of  being  tested  by  mathematical  reasoning ;  whereas 
theory,  properly  so  called,  seeks  to  arrive  at  results  comparable  with 
experience,  by  means  of  mathematical  reasoning  applied  to  universal 
hypotheses' intelligible  from  sensation  and  experience." 

The  learned  Dr.  Isaac  Barrow,  the  first  Lucasian  Professor,  in  hie 
fourth  mathematical  lecture  remarks : — 

''  It  may  be  observed  of  mathematicians,  that  they  only  meddle 
with  such  things  as  are  certain,  passing  by  those  which  are  doubtful 
or  unknown.  They  profess  not  to  know  all  things,  neither  do  they 
affect  to  speak  of  all  things.  What  they  know  to  be  true,  and  can 
make  good  by  invincible  arguments,  that  they  publish  and  insert 
among  their  theorems.  Of  other  things  they  are  silent  and  pass  no 
judgment  at  all,  choosing  rather  to  acknowledge  their  ignorance  than 
affinn  anything  rashly.  They  affirm  nothing  among  their  arguments 
or  assertions  which  is  not  most  manifestly  known  and  examined  with 
the  utmost  rigour,  rejecting  all  probable  conjectures  and  little  wit- 
ticisms. They  submit  nothing  to  authority,  indulge  no  affection, 
detest  the  subterfuges  of  words,  and  declare  their  sentiments,  as  in  a 
court  of  judicature,  without  passion,  without  apology ;  knowing  that 

*  In  consequence  of  ambigaity  in  the  employment  of  the  word  equal  and  the 
symbol  =,  in  making  no  distinction  between  an  id&niUy  and  an  equation,  Professor 
OhaHis  has  proposed  the  altered  mark  zz=  of  equality  to  denote  an  tdevUiiy ;  the 
yt*ui^  =  has  also  been  proposed  to  be  employed  for  the  same  purpose.  Either  of 
these  notations  will  serve  the  purpose  of  marking  an  identity  ;  but  there  are  other 
ambiguities  in  the  usage  of  the  word  equal,  which  will  not  be  removed  by  the 
employment  of  this  symbol.  On  the  whole  it  appears  desirable  to  retain  the  mark  =, 
and  define  or  explain  its  exact  meaning  where  it  may  be  necessary,  as  different  from 
the  ordinary  sense. 
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^eir  reasons,  as  Seneca  testifies  of  them,  are  not  brought  to  persuade, 
hnt  to  compel." 

And  in  his  inaugural  speech  before  the  University  on  his  election 
to  the  Lucasian  Professorship,  he  thus  addressed  the  younger  members 
of  the  University : — 

**  But  if  nothing  else  can  compel  you  to  apply  yourselves  vigorously 
to  these  disciplines,  and  labour  diligently  in  this  exercise,  at  least 
4hat  spur  of  noble  minds,  the  thirst  of  following  all  great  examples, 
which  always  sinks  deep  into  generous  dispositions,  should  the  more 
«trongly  provoke  and  inflame  you.  Especially  since  you  cannot 
merit  the  name  nor  sustain  the  dignity  of  an  university  upon  any 
other  account,  than  by  preserving  to  yourselves  a  knowledge  more 
rthan  common  in  all  kinds  of  science  becoming  a  generous  mind; 
and  by  taking  away  every  occasion  of  calumny  from  all  who  either 
envy  your  happiness  or  emulate  your  fame.  Not  spending  your  time 
like  infants  in  learning  the  languages,  nor  neglecting  the  care  of 
searching  after  truth  for  digging  up  foolish  fables  out  of  the  rubbish 
ot  obsolete  antiquity;  not  affecting  the  vain  trappings  of  words, 
^and  the  delusions  of  a  painted  speech,  while  the  nature  of  things 
lies  imregarded,  and  the  use  of  plain  reason  is  set  aside ;  nor,  lastly, 
abusing  your  leisure,  playing  away  yoiir  time,  and  miserably  wresting 
4knd  torturing  your  wits  with  sophistical  trifles  and  empty  jargon, 
engaging  yourselves  in  barren  disputes,  insisting  upon  uncertain 
^conjectures,  and  venting  of  doubtful  opinions. 

"  These  reproaches  you  may  easily  wipe  off,  or  entirely  avoid,  by 
only  applying  yourselves  to  the  study  of  the  mathematics  with  that 
diligence  which  is  requisite.  The  mathematics,  I  say,  which  effec- 
tually exercises,  not  vainly  deludes  nor  vexatiously  torments  studious 
minds  with  obscure  subtleties,  perplexed  difficulties,  or  contentious 
disquisitions ;  which  overcomes  without  opposition,  triumphs  without 
pomp,  compels  without  force,  and  rules  absolutely  without  the  loss  of 
liberty ;  which  does  not  privately  overreach  a  weak  faith,  but  openly 
assaults  an  armed  reason,  obtains  a  total  victory,  and  puts  on  inevi- 
table chains ;  whose  words  are  so  many  oracles,  and  works  as  many 
miracles ;  which  blabs  out  nothing  rashly,  nor  designs  anything  from 
the  purpose,  but  plainly  demonstrates  and  readily  performs  all  things 
within  its  verge ;  which  obtrudes  no  false  shadows  of  science,  but  the 
▼eiy  science  itself,  the  mind  firmly  adhering  to  it  as  soon  as  possessed 
of  it,  and  can  never  after  desert  it  of  its  own  accord,  or  be  deprived 
of  it  by  any  force  of  others.  Lastly,  the  mathematics  which  depend 
upon  principles  clear  to  the  mind,  and  agreeable  to  experience ; 
which  draws  certain  conclusions,  instructs  by  profitable  rules,  unfolds 
pleasant  questions,  and  produces  wonderful  effects;  which  is  the 
fruitful  parent  of,  I  had  almost  said,  all  arts,  the  imshaken  founda- 
tion of  sciences,  and  the  plentiful  fountain  of  advantage  to  human 
affairs.'^ 
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ALGEBRA. 

EXFLAKATZOKS  AND  DZFIinTIONS. 

Art.  1.  As  all  our  knowledge  of  the  external  world  is  sabjeet  more 
or  less  to  the  conditions  of  number  and  space,  the  sciences  which  treat 
of  those  subjects  are  of  high  importance. 

The  ma^ematical  sciences  may  be  considered  as  speculatiye  or 
practical,  and  are  conversant  with  all  subjects  which  admit  of  increase 
or  decrease.  The  speculatiye  view  regards  the  truth  of  the  pro* 
positions,  and  the  practical,  the  application  of  them  to  purposes  of 
utility.  The  truth  of  the  propositions  depends  on  the  definitions  laid 
down  as  being  intelligible,  and  the  postulates  and  axioms  assumed,  as 
unquestionable.  In  the  pure  sciences  of  space  and  number  no  first 
principles  are  admitted,  but  such  as  are  supported  by  their  own 
strength  and  clear  in  their  own  light. 

Arithmetic  consists  of  methods  for  the  performance  of  numerical 
calculations;  Algebra  is  a  generalisation  and  extension  of  Arithmetic. 

The  principles  of  Elementary  Algebra  have  their  origin  in  those  of 
Elementary  Arithmetic.  In  the  latter,  the  symbols  employed  have 
each  an  intrinsic  and  local  value,  and  the  results  of  computation  are 
definite ;  but  in  the  former,  general  symbols  are  employed  to  denote 
quantities,  unrestricted  or  limited  in  value ;  and  operations  and  results 
only  are  indicated  and  not  performed  as  in  Arithmetic,  but  which  may 
be  performed  in  any  case  where  numerical  values  are  given  to  the 
general  ^mbols. 

The  word  quantity  is  assumed  to  mean  both  whatever  can  be  made 
ft  subject  of  mathematical  reasoning,  and  also  the  symbol  whish 
represents  it,  whether  it  be  concrete  or  abstract.  Two  classes  of 
Bjmbols  are  employed,  which  may  be  described  as  ''  symbols  of  quan* 
tity  "  and  ''symbols  of  operation." 

'  2.  The  letters  of  alphabets  are  assumed  to  represent  numbers  and 
the  magnitudes  of  all  quantities,  whether  concrete  or  abstract. 

The  early  letters  a,  h,  c,  &c.,  are  generally  assumed  to  denote  known 
quantities,  and  the  final  letters  s,  y,  x,  &c.,  unknown  quantities. 
Besides  these  assumptions,  oth^  conventions  are  frequently  employed, 
either  to  facilitate  the  solution  of  a  problem,  or  to  simplify  the  process 
of  an  investigation. 

When  a  series  of  quantities  is  required  to  be  expressed,  instead  of 
denoting  them  by  the  successive  letters  of  the  alphabet,  they  can  be 
more  conveniently  denoted  by  the  same  letter  repeated,  wiUi  marks 
attached  to  it;  as,  for  instance,  instead  of  writing  a,  h,  c^  d,  &c., 
41,   <^,  a',  (^",   &c.,    may   be  written;    or    still   more  conveniently 

«o>  *i»  ^«>  ^3>  *c. 

The  series  of  the  natural  numbers  beginning  from  0,  as  1,  2, 

8,  4,  5,  6 «!•.•••  ny  be  supposed  to  be  continued  to.anj 


aangnable  namber  n,  and  the  series  may  be  f  urtber  extended  beyond 
that  limit  to  any  extent.  The  symbol  oo  is  assumed  to  denote  a  num- 
ber greater  than  can  be  assigned. 

3.  In  the  science  of  Arithmetic  numbers  are  considered  as  simply 
absolute,  whether  abstract  or  concrete;  whereas  in  the  science  of 
Algebra  both  numbers  and  the  general  symbols  of  quantity  are  con- 
sidered to  have,  besides  their  assumed  values,  some  specific  relations 
of  an  opposite  or  contrary  nature.  This  idea  of  contrariety  was 
originally  denoted  by  a  mark  written  above  the  symbol,  and  signified 
that  it  was  to  be  considered  in  some  way,  of  a  contrary  nature  to  one 
which  was  not  so  marked. 

The  marks  +  and  -  prefixed*  to  numbers  and  symbols  denoting- 
magnitude,  are  assumed  to  indicate  opposite  qualities,  so  that  the 
symbols  so  marked  are  no  longer  absolute  quantities,  but  quantities 
having  some  specific  relation  of  an  opposite  nature  to  others  with 
which  they  may  be  connected. 

This  idea  of  contrariety  or  opi>o8ition  will  be  different  according  to 
the  nature  of  the  quantities  considered,  whether  they  are  concrete  or 
abstract  quantities. 

If  a  denote  the  length  of  a  straight  line,  and  if  +a  be  assumed  to 
denote  a  line  of  a  units  drawn  in  any  direction ;  then  —  a  may  denote 
a  line  of  the  same-  length  drawn  in  a  contrary  direction. 

If  e  denote  the  magnitude  of  an  angle  generated  by  the  motion  of 
a  moveable  straight  line  round  a  point  in  a  fixed  straight  line ;  and 
if  -1-0  denote  an  angle  traced  out  by  the  moving  line  in  one  direc- 
tion in  a  plane  from  the  fixed  line,  then  —  $  may  denote  an  equal 
angle  traced  out  by  the  line  moving  in  a  contrary  direction. 

If  /  denote  the  intensity  of  any  force,  and  if  +/  be  assumed  to 
indicate  a  force  acting  in  any  direction ;  then  -/  may  represent  an 
equivalent  force  acting  in  an  opposite  direction. 

In  local  moHon^  proffreisian  may  be  called  affirmative,  and  r^esiumf 
negative ;  and  they  may  be  denoted  in  the  same  manner ;  as  if  +» 
denote  a  distance  moved  over  in  one  direction^  — »  may  denote  the 
same  distance  moved  over  in  the  contrary  direction. 

Periods  of  time  before  and  after  any  fixed  epoch  may  be  indicated 
in  the  same  manner;  thus,  if  +«  be  assumed  to  denote  a  number 
of  years  a/Ur  any  fixed  epoch,  —a  may  consistently  imply  a  period  of 
the  same  number  of  years  b0fore  that  epoch. 

If  t  denote  any  degrees  of  temperature,  measured  from  some  fixed 

*  The  symbol  +i  by  writers  on  Algebra  in  the  Latin  language,  was  named  p/iu^ 
mare,  and  when  it  was  placed  before  any  number  or  symbol  of  quantity,  was  trans* 
lated  "increased  by;"  also  the  symbol  —  was  called  minus,  less,  and  when  pre* 
fixed  to  any  quantity,  signified  **  lessened  hy  "  or  *'  diminished  by" 

The  sign  X  was  a  substitute  for  '^dudum  in,**  muUipHedintoj*'  and-rwss 
assumed  for  applioalum  otf,  and  explained  to  mean  V  divided  by,** 
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point,  as  the  freezing  point.  Under  this  supposition,  if  +t  denote  t 
degrees  above  the  freezing  point;  then  —  ^  may  denote  the  same 
nmnber  of  degrees  below  that  point. 

In  the  regulation  of  mercantile  transactions,  the  same  method  of 
illustration  is  manifestly  possible ;  as,  for  instance,  between  the  creditor 
and  debtor  side  of  an  account,  as  if  4-^  denote  the  credits  or  sums 
possessed,  then  —  a  may  denote  the  debts  or  sums  owed ;  also  profits 
and  losses  can  be  denoted  in  the  same  manner,  for  if  +a  denote 
profits,  —a  may  denote  losses,  the  contraiy  of  profits.* 

Abstract  numbers  as  well  as  concrete  may  also  be  considered  as 
having  a  contrary  affection  to  other  numbers.f  One  abstract  number 
can  be  combined  with  another  abstract  number,  or  taken  from  it ;  and 
in  the  former  case  it  is  additive,  and  in  the  latter  subtraetive;  and  the 
marks  +  and  —  may  respectively  indicate  these  operations.  And 
this  contrariety  may  be  sig^fied  by  the  same  marks  as  are  prefixed  to 
concrete  quantities;  as,  if  +«  denote  a  number  to  be  added,  — « 
may  consistently  denote  a  number  to  be  subtracted,  or  one  number 
having  a  contrary  affection  to  another. 

It  maybe  remarked  that  sometimes  the  affirmative  sign  is  omitted^ 
when  no  ambiguity  is  likely  to  arise  in  the  meaning  of  the  number  or 
quantity  to  which  it  should  rightly  be  prefixed. 

The  coefficient  of  a  quantity  is  the  number  or  symbol  prefixed  to  it^ 
and  indicates  what  multiple  or  what  part  of  the  quantity  is  signified. 
Numerical  coefficients  may  be  supposed  to  arise  from  the  suocessivo 
additions  of  the  same  quantity;  l^us  a+<>  is  assumed  to  be  denoted 
by  2a,  a+a+a  by  3^,  a+a-^-a-^-a  by  4a,  and  generally  a-fa+a+a+ 
•  • .  to  ff»  terms  by  ma,  where  2,  3, 4,  m  are  the  coefficients,  and  m  stands 
for  any  assignable  number.  A  quantity  without  any  coefficient  pre- 
fixed to  it,  is  supposed  to  have  1  or  imity,  as  a  is  the  same  as  la.  - 

4.  The  operation  of  multiplication  is  denoted  by  the  sign  X ;  and  the 
product  of  two  or  more  quantities  is  assumed  to  be  expressed 
by  connecting  the  symbols  which  denote  them  by  the  sign  x  as,  a  x  fr 
denotes  the  product  of  the  quantities  a  and  h. 

*  The  simple  fact,  that  opposite  relcUiona  with  respect  to  concrete  quantities  can 
be  conceived  to  exist,  and  do  exist,  suggests  the  necessity  of  exhibiting  these  rela- 
tions in  a  science  where  the  symbols  denote  real  quantities.  These  invariable  rela- 
tions may  be  denoted  by  the  nuurks  +  and  ~,  and  may  fiurly  be  considered  as  a 
consequence  arising  from  relations  which  exist  in  nature. 

t  The  mark  of  contrariety  or  opposition  was  originally  employed  as  an  a4jectiTe, 
and  the  conversion  of  the  use  of  words  so  employed  into  the  sense  of  an  actiTe 
process,  is  among  the  most  familiar  contrivances  of  all  systematic  languages.  Nnm* 
ber  and  quantity  in  Algebra  are  never  made  a  subject  of  reasoning  but  under  such  a 
supposition  ;  and  hence,  the  signs  or  marks  which  indicate  opposite  qualities,  may 
also  be  made  to  indicate  active  operations.  Ab  instances  in  English,  the  adjectives 
black,  white,  hard,  soft,  give  the  verbs,  to  make  black,  white,  hard,  soft  respectively^ 
or  to  blacken,  to  whiten,  to  harden,  to  soften. 


The  sign  x  is  sometimes  omitied,  and  a  point  is  placed  instead,  at 
the  lower  part  between  the  factors,  as  a.h ;  bat  generally  when  no 
ambiguities  are  likely  to  arise,  both  the  sign  and  the  point  are  omitted, 
and  the  factors  are  written  together.  Thos,  ai  denotes  the  product 
of  a  and  b,  and  abc  that  of  a,  h,  and  e. 

The  terms  which  form  the  product  of  two  or  more  quantities  are 
called  ihe/<»eiort  of  that  product ;  as  a  and  h  are  the  factors  of  the 
product  ab,  and  a,  b,  e  are  the  fiactors  of  the  product  ahe ;  also  a  and  he^ 
6  and  acy  or  c  and  ah,  may  be  considered  the  factors  of  the  product  dbe. 

When  a  product  consists  of  several  factors,  it  is  generally  indif- 
ferent in  what  order  the  factors  are  written,  as  far  as  the  result  is  con- 
cerned ;  as  &a  is  the  same  as  ah,  and  acb,  hoe,  are  each  the  same  as  abe. 

The  operation  of  the  division  of  one  quantity  by  another  is  denoted 
by  placing  the  dividend  above  the  divisor  with  a  line  between  them, 

as  T»  denotes  that  the  quantify  a  is  to  be  divided  by  the  quantity  b. 

The  mark  -r  also  is  employed  for  the  same  purpose,  as  a-r-b. 

A  multiple  of  any  quantity  is  some  exact  number  of  times  that 
quantity,  as  120  is  a  multiple  of  Sa ;  and  a  submultiple  of  any 
quantity  is  any  part  of  that  quantity,  as  3a  is  a  submultiple  of  12a. 
When  one  quantity  is  exactly  divisible  by  another,  the  latter  is  called 
a  divisor  or  a  measure  of  the  former. 

5.  The  product  which  is  obtained  by  multiplying  together  several 
quantities  each  equal  to  one  another,  is  called  a  power  of  that  quan- 
tity, and  the  number  of  equal  factors  in  the  product  constitutes  the 
degree  or  order  of  the  power. 

The  products  of  two,  three,  four,  &c.,  equal  quantities,  as  aa,  aaa, 
aaaa,  ftc,  are  respectively  named  the  second,  third,  fourth,  &c., 
powers  of  the  quantity  a. 

The  power  of  any  quantity  is  assumed  to  be  denoted  by  placing 
a  small  figure  at  the  upper  part  on  the  right  of  the  quantity. 

This  figure  is  called  the  index  or  exponent  of  the  power,  and  points 
out  the  number  of  equal  factors  that  are  multiplied  together  to  pro- 
duce that  power  ;  thus,  aa  is  denoted  by  a',  aaa  by  o^,  and  aaaa  by  tf*, 
&o. ;  and  a*,  o^,  a^  &c.,  represent  respectively  the  second,  third, 
fourth,  &c.,  powers  of  the  quantity  a,  which  are  said  to  be  of  two, 
three,  four,  &c.,  dimensions. 

The  first  power  of  any  quantity  may  be  written  with  unity  for 
its  index,  as  a^  \  but  this  index  is  generally  omitted,  except  in  cases 
where  ambiguity  or  other  inconvenience  might  occur. 

The  second  power  of  any  quantity  is  also  called  the  square  of 
that  quantity,  and  the  third  power  is  also  called  the  cube.  These 
terms  bear  an  analogy  to  the  square  and  cube  in  geometry,  one  con- 
sisting of  two  and  the  other  of  three  dimensions ;  the  stnught  line 
being  considered  to  be  of  one  dimension. 


The  tenn  dimension  is  used  in  an  extended  sense  to  denote  the  nnm- 
ber  of  simple  factors  in  any  product,  not  considering  the  coefficients, 
whether  numeral  or  literal,  and  the  sum  of  the  indices  of  the  factors 
indicates  the  dimensions  of  any  term,  as  a*,  ah,  3^,  are  each  of  two 
dimensions ;  and  «'&',  ai^,  abed,  are  each  of  four  dimensions.  When 
an  expression  consists  of  several  terms,  if  each  term  is  of  the  same 
dimensions,  the  expression  is  said  to  be  homogeneous. 

The  original  quantity  from  which  a  power  is  produced  is  called  a 
root  of  that  jpoioer,  and  in  the  reverse  operation,  the  degree  or  order 
of  the  root  depends  upon  the  number  of  equal  factors  by  which  the 
power  was  produced ;  as  a'  is  called  the  second  power  or  tiie  square  of  a, 
80  a  is  the  second  root  or  the  square  root  of  a' ;  and  in  asimilar  manner, 
a?  is  the  third  power  or  the  cube  of  a,  and  a  is  the  third  root  or  the 
cube  root  of  a\ 

A  square  number  or  quantity  is  one  which  has  an  exact  square 
zoot;  and  a  cubic  number  or  quantity  is  one  which  has  an  exact 
cube  root ;  and  similarly  of  all  higher  powers  and  roots. 

The  second  root,  or  square  root  of  any  quantity  is  denoted  by  pre- 
fixing the  mark  >/ ,  (the  initial  letter  of  the  word  radix  somewhat  altered) 
as  >ya  denotes  the  square  root  of  a.  Also  ^  denotes  the  square  root 
of  0.  Likewise  ^a,  ^a,  and  t^,  0^,  denote  respectiyely  the  third  and 
fourth  roots  of  a ;  and  similarly  for  the  higher  roots. 

Quantities  are  considered  as  rational  or  irrational.  The  word 
irrational  or  surd  {wrdus)  is  applied  to  numbers  and  quantities 
whose  roots  cannot  be  exactly  determined,  as  the  square  root  of  5  and 
the  cube  root  of  a,  which  are  denoted  by  s/5  and  i/a  respeotiTely, 
but  whose  exact  values  cannot  be  exactly  determined. 

6.  Simple  quantities  are  those  which  consist  of  one  term  only. 
Compound  quantities  are  those  which  consist  of  more  terms  than  one, 
oonnectedbythe  signs  +  and  — . 

A  binomial  quantity  consLsts  of  two  terms,  tLSa+h;  a  trinomial  of 
three  terms,  as  a+h^^e;  a  quadrinomial  of  four  terms,  as  a-^b+e^d, 
and  so  on ;  and  a  polynomial  or  multinomial  of  many  terms. 

Two  or  more  monomials  are  said  to  be  like  or  unlike,  according  as 
they  consist  or  do  not  consist  of  the  like  symbols  or  combination  of 
symbols,  as  3a  and  5a  are  like  quantities ;  but  3a  and  5n  are  unlike 
quantities,  the  coefficients  not  being  considered. 

7.  There  are  several  marks  and  characters  employed  in  mathematical 
reasonings. 

When  two  or  more  quantities  are  to  be  considered  as  one  quantity, 
a  straight  line,  called  a  vinculum,  is  drawn  above  them,  or  they  may 
be  included  within  parentheses  or  brackets;  as  when  a+i— ^istobe 

considered  a  single  quantity  in  any  procesSi  it  is  written  thus,  a+b^c, 
(fl+i-tf),  or  {a+c— J}. 
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* 

The  mark  .\  isemployedforthe  word  "therefore^or^'oonflequently," 
and  indicateB  the  oonolusiou  of  an  argoment  or  a  prooess  of  reasoning. 
And  '.%  or  .*.  invertedi  is  used  for  ''  beoansOy"  and  points  out  some- 
thing assumed  or  granted  as  a  ground  of  argument. 

The  symbol  >  placed  between  two  quantities  is  assumed  for  the 
words  *'is  greater  ihaUi"  as  5  >  3  means  that  the  number  5  is 
greater  than  3;  and  x>y  means  that  the  quantity  denoted  by  x  is 
greater  than  that  denoted  by  y.  In  the  same  manner  <  is  used  for 
the  words  "is  less  than/'  as  3<5  means  that  3  is  less  than  5,  and 
y<Xy  that  y  is  less  than  «.* 

The  mark  >-  is  the  sign  of  equality,  and  is  used  for  the  words  ''  is 
equalto,"as2-|-3>-5  means  that  the  sum  of  2  and  3  is  equal  to  5;  and 
x-a+h  denotes  that  the  quantity  x  is  equal  to  the  sum  of  the  quan- 
tities a  and  i. 

Here,  however,  it  may  be  remarked  that  in  reasonings  on  the  gene- 
ralised forms  of  number,  this  mark  will  be  found  to  bear  other  mean- 
ings besides  that  of  the  simple  equality  of  two  numbers. 

Since  this  sign  was  first  employed  to  denote  numerical  equality,  in 
the  subsequent. improvements  of  symbolical  language  it  is  employed 
to  express  the  identity  of  meaning  of  different  conventional  notations; 
as  also  the  equivalence  of  mathematical  operations  signified  in  involved 
expressions,  and  the  results  produced  by  the  performance  of  the  pro- 
cesses indicated,  without  any  regard  whether  the  results  admit  of  any 
contingent  or  necessary  Arithmetical  equality. 
,  When  two  expressions  are  connected  by  the  sign  of  equality,  the 


*  These  marki  for  **  greater  than  "  and  *'  less  than  "  have  not  the  same  meaning 
in  the  sdenoes  of  Arithmetio  and  Algebra.  In  Arithmetio  nnmbera  an  considered 
absolatelj,  and  one  number  is  greater  than,  or  less  than  another,  according  as  the 
former  contains  a  greater  or  less  number  of  units  than  the  latter.  But  the  Algebraical 
meaning  of  these  terms  ''greater  than  "  and  "  less  than  "  will  be  different  when  the 
numbers  are  considered  as  having  contrary  affections. 

As  the  sdenoe  of  Algebra  admits  both  the  series  of  natural  numbers  and  general 
symbols  of  numbers  including  the  character  oo  ;  the  series  of  positive  numbers  may 
be  considered  as  commencing  firom  0,  each  increanng  by  the  successive  addition  of 
nnity ;  and  the  series  of  negative  numbers  may  be  also  considered  as  commencing 
from  0,  each  decreaaing  by  the  successive  subtraction  of  unity,  so  that  these  two 
series  can  be  united  as  one  continued  series  of  Algebraic  numbers,  each  number  sue- 
oessively  increasing  by  unity,  if  reckoned  from  the  left  towards  the  right,  and 
decreasing  successively  by  unity,  if  reckoned  firom  the  right  towards  the  left»  thus  :— 
.  — 09  .  .  ..  — aj^  ....  — 4,— 8,— 2,— l,0,+l,+2,+8,+4, ..  .  •+«. . .  •  +ob. 

Hence  it  is  obvious  that  any  number  in  the  series  is  always  greaUr  thorn  taiy  other 
which  stands  in  any  place  of  the  series  to  the  Ze/%  of  it ;  and  less  than  any  other 
which  stands  in  anyplace  to  the  right  of  it :  as  +6>  +2,  and  +2 <  +9,  which  are 
also  Arithmetically  true.  It  also  appears  that  +1  >  0  and  — 1  <0 ;  also  —2  >  —5 
and  —  6  <-2,  which  apparent  anomalies  arise  from  the  Algehrakal  meemk^  of  the 
terms  "  greater  than  "  and  "  Use  than,** 


two  expressions  so  oonnected  constitute  an  equation  wluoh  may  inToIve 
both  known  and  unlmown  quantities. 

The  equation  is  called  an  identical  equation  or  an  identity  when  the 
two  expressions  are  always  equal,  whatever  numerical  values  are 
assigned  to  the  symbols  employed,  as  {a+h)+(a^h)-2af  denotes 
generally,  that  the  difference  of  two  numbers  added  to  their  sum  is 
equal  to  twice  the  greater  number :  and  {a+h)  x  (tf — &)  =  •'— 3*,  also 
denotes,  that  the  product  of  the  sum  and  difference  of  any  two  numbers 
is  equal  to  the  difference  of  their  squares.* 

8.  The  names  of  the  elementary  processes  of  Arithmetic  and  Algebra 
are  the  same;  Addition  and  Subtraction,  Multiplication  and  Division, 
Involution  and  Evolution ;  Subtraction  being  the  reverse  of  Addition, 
Division  of  Multiplication,  and  Evolution  of  Involution.  There  is, 
however,  this  distinction  to  be  observed  in  Algebra :  the  processes  are 
indicated  in  general  terms,  and  numerical  results  can  be  obtained 
when  numbers  are  substituted  for  the  general  symbols.  All  the 
elementary  processes  of  Algebra  are  performed  with  general  symbols 
in  the  same  manner  as  the  ordinary  processes  of  abstract  numbers  in 
Arithmetic,  no  distinction  being  made  between  the  symbols  of  abstract 
and  concrete  quantities.  In  the  final  result  of  the  processes  only  is 
this  distinction  required  to  be  considered. 

The  propositions  of  pure  Mathematics  admit  of  a  species  of  proof 
applicable  only  to  the  abstractions  of  number  and  space.  The  term 
demotuiraium  implies  an  appeal  to  the  sense  of  sigh^  and  is,  in  fact, 
the  showing  of  the  truth  of  a  proposition ;  and  the  meaning  of  the 
word  j9nof  has  been  aptly  described  as  ''testing  by  triaL'^f  The 
process  consists  of  a  connected  series  of  syllogisms,  or  rather  enthy- 
memes,  and  the  final  result  is  a  single  inference  out  of  a  chain  oi 
necessities.  That  single  result  must  be  true  if  the  others  be  true ; 
those  others  are,  therefore,  proved  to  be  true  by  tracing  in  order  each 
step  until  we  arrive  at  the  last  stepi  which  completes  the  demon- 
stration. 

*  In  Professor  Challis's  "Notes  on  the  Principles  of  Pore  sod  Applied  Calcola- 
tion,"  p.  xii.,  he  has  proposed  the  mark  x  to  signify  that  the  two  sides  of  an 
eqnality  are  identical  for  all  yalnes  whaterer  of  the  general  symbols.  The  mark  = 
has  also  been  proposed  to  he  employed  for  the  same  purpose. 

t  The  final  term  of  all  proof  is  an  appeal  to  the  senses.  Every  proposition 
which  relates  in  any  way  to  the  objects  of  sense  mnst  seek  its  final  proof  in  this 
canriction.  Whatever  may  be  the  imperfection  of  our  senses,  this  is  the  law  of  onr 
nature.  If  the  senses  do  not  produce  a  certain  conviction  to  the  mind  of  the  exist- 
ence of  matter,  not  even  geometry  has  any  foundation  beyond  the  r^on  of  fSucy. 
It  may  also  be  remarked  that  in  all  past  ages  the  objects  of  material  nature  have 
uniformly  produced  the  same  general  impressions  upon  the  senses  (when  in  s  healthy 
state)  and  have  created  the  same  ideas  in  the  mind ;  and  hence,  in  respect  of  our 
bodily  and  mental  constitation,  we  must  either  take  the  impressions  we  to  receive  as 
true,  or  must  oease  to  reason  alU^gether. 


Sometimes  an  inquixy  is  directed  to  the  inyestigatioiL  of  xelatioiui 
between  quantities,  whether  they  are  equal  or  unequal;  and  in  the 
latter  oase,  what  ia  the  exact  difference,  or  what  are  the  limits  of  the 
inequality.  Also  the  inquiry  may  relate  to  the  forms  of  expressions 
respecting  identity  or  equivalence. 

The  results  of  all  processes  of  reasoning  must  be  in  strict  accordance 
with  the  first  principles.  Jf  a  direct  mathemtstiedl  proceu  be  pos- 
sible, the  revereeproeeei  may  not  be  always  possible.  In  cases  of  this  kind, 
results  may  arise  iuTolying  some  ambiguity,  contradiction,  or  impos- 
sibility, which  the  definitions  and  elementary  processes  did  not  antici- 
pate. When  such  cases  occur,  it  will  be  necessary  to  extend  the  mean- 
ing of  the  definitions,  or  to  devise  new  ones,  but  such  as  shall  not  be 
inconsistent  with,  nor  in  contradiction  to,  the  principles  and  processes 
already  adopted. 

The  human  mind  is  so  constituted  as  to  admit  certain  general  pro- 
positions as  true  as  soon  as  they  are  understood.  These  elementaiy 
truths,  or  axioms  as  they  are  commonly  called,  constitute  the  bases  oi 
all  proof  and  demonstration. 

Axioms. 

1.  If  the  same  quantity  or  equal  quantities  be  added  to  equal 
quantities,  the  sums  are  equal. 

2.  If  the  same  quantity  or  equal  quantities  be  taken  from  equal 
quantities,  the  remainders  are  equal. 

3.  If  the  same  quantity  be  added  to  and  subtracted  from  another, 
the  value  of  the  latter  is  unaltered. 

4.  If  the  same  quantity  or  equal  quantities  be  udded  to  unequals, 
the  sums  are  unequal. 

5.  If  the  same  quantity  or  equal  quantities  be  taken  from  unequals, 
the  remainders  are  imequal. 

6.  If  equal  quantities  be  multiplied  by  the  same  quantity,  or  by 
equal  quantities,  the  products  are  equal. 

7.  If  equal  quantities  be  divided  by  the  same  quantity,  or  by  equal 
quantities,  the  quotients  are  equal. 

8.  If  any  quantity  be  bolli  multiplied  and  divided  by  the  same 
quantity,  the  value  of  that  quantity  is  not  altered. 

9.  U  unequals  be  multiplied  by  the  same  quantity,  or  by  equal 
quantities,  the  products  are  unequal. 

10.  If  unequals  be  divided  by  the  same  quantityy  or  by  equal  quan- 
tities, the  quotients  are  unequaL 

11.  The  same  power  or  equal  powers  of  equal  quantities  are 
equal. 

12.  The  same  root  or  equal  roots  of  equal  quantities  are  equaL 
18.  If  any  quantity  be  raised  to  any  power  and  the  same  root  be 

extracted,  the  quantity  is  not  altered. 


ADDITION  AND  SUBTEAOTION. 

Art.  9.  By  Addition  is  meant  the  process  of  connecting  together  two 
cor  more  quantities  into  one  sum  or  aggregate  i  and  by  Subtraction  is 
meant  the  process  of  taking  one  quantity  from  another. 

Addition  and  Subtraction  are  processes,  one  the  reverse  of  the  other; 
as,  if  2  be  added  to  8,  the  sum  is  5,  and  if  2  be  taken  from  S,  the  re* 
mainder  is  3.  Also,  if  &  be  added  to  a,  the  sum  is  a-f  3,  and  if  3  be 
taken  from  a+ 1,  the  remainder  is  a.  Also,  if  ^  be  taken  from  a,  the 
difference  can  only  be  indicated  as  a  -  i,  but  not  performed  so  long  as 
the  values  of  a  and  h  are  unassigned. 

Ftop.  2h  explain  the  proesssea  of  Algebraieai  AddUian  and  Subtraetian, 

The  operations  of  Addition  and  Subtraction  simply  consist  in  puUing 
to  and  taking  away  one  thing  from  another,  and  the  assumed  meaning 
of  the  symbols  employed  suggest  these  operations,  and  the  rules  for 
the  performance  of  them  follow  directly  from,  the  assxmied  meaning  of 
the  symbols.  As  all  quantities  are  considered  to  have  contrary  affec- 
tions of  some  kind,  as  positiYe  or  negative,  additive  or  subtractive,  it 
will  be  at  once  obvious  that  the  addition  of  one  quantity  to  another 
does  not  always  produce  increase,  nor  that  the  subtraction  of  one  quan- 
tity from  another  always  imply  decrease* 

Since  every  quantity  is  affected  with  the  positive  or  negative  sign,  or 
the  additive  or  subtractive  sign,  as  tliey  are  also  called,  it  is  evident 
that  the  addition  of  one  quantity  to  another  will  be  denoted  by  con- 
necting any  quantity  to  be  added  with  ite  proper  eign  to  the  other 
quantity,  as  the  addition  of  +^  to  +«  is  denoted  by  +a+(+^)  or 
«+&,  and  the  addition  of  —5  to  +«  by  +0+(— i)  or  0—5. 

As  the  operation  of  Subtraction  is  the  reverse  of  that  of  Addition ; 
the  subtraction  of  one  quantity  from  another  will  be  denoted  by  con- 
necting the  quantity  to  be  subtracted  with  ite  contrary  eign  to  the  other 
quantity;  as  the  subtraction  of  -{-h  from  +a  is  denoted  by  a— (+5) 
or  a— 5,  and  the  subtraction  of  —5  from  +« is  denoted  by  0— (— 2)  or 
a+h. 

Hence  it  appears  that  +a+{+i)  and  -t-0— (— 5)  are  identical 
expressions,  each  being  equivalent  to  ^a+h,  so  that  a-|-(+5)  «0+^ 
anda— (— 5}  =  ii+5;  and  the  sum  0-)-i  may  be  considered  to  result 
either  from  the  addition  of  +&  to  +0  or  from  the  subtraction  of  —5 
from  +a :  that  is,  the  addition  of  a  positive  quantity  is  equivalent  to 
the  eubtraetion  of  a  negative  quantity^ 

Also,  that  a+(— 5)  and  0— (-h^)  are  identical  expressions,  each 
being  equivalent  to  0-i,  so  that  0+(-3)s0-3  and  0— (+()  =  «-^ 
and  the  difference  0—  h  may  be  considered  to  result  from  the  addition 
of  —5  to  +ay  or  from  the  subtraction  of  +&  from  -h0,  or  that  the 
addition  of  a  negative  quantity  is  equivalent  to  the  subtraction  of  a 
positive  quantity. 
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In  the  perf  ormanoe  of  the  operations  of  addition  and  subtraction,  the 
stlms  and  differences  of  like  quantities  can  be  incorporated  into  single 
terms  by  the  addition  and  subtraction  of  their  coefficients.  But  the 
sums  and  differences  of  unWce  quantities  can  only  be  expressed  by 
connecting  the  seyeral  terms  by  the  signs  with  which  they  are  indi- 
vidually affected.  As  the  sum  of  3a + ih  and  4a—  Sh  is  thus  expressed : 
(30+45)  +  (4a-d3)  =  3a  +  4d+4a-di87a+>;  and  the  difference 
arising  from  4a— 35  taken  from  da+4i  is  (3a+4i)— (4a-  3i)  ==  3a+45 
-4a+3J«-a+75. 

When  quantities  with  literal  coefficients  are  to  be  added  or  sub- 
tracted, the  aggregate  of  the  coefficients  connected  with  their  proper 
signs  under  a  vinculum  or  between  brackets,  will  denote  the  coefficient 
of  the  common  quantity,  as  the  aggregate  of  ma+na— |Mi  is  denoted  by 
(m + n  —p)a,  and  ^-ma-^na --pa  is  equivalent  to  ^(m-'n  +|?)a. 

As  in  Arithmetic,  so  in  Algebra,  only  concrete  quantities  of  the  same 
kind  can  be  added  to,  or  subtracted  from,  one  another;  but  abstract 
quantities  are  not  subject  to  this  restriction.* 

When  several  quantities,  like  and  unlike,  with  contrary  signs,  are 
to  be  added  together,  it  will  be  found  convenient  to  arrange  like 
quantities  with  their  proper  signs  under  each  other,  as  numbers  are 
arranged  for  addition  in  ordinary  arithmetic,  with  this  difference  in 
Algebra — ^the  process  of  aggregation  may  begin  either  with  the  right- 
liand  or  left-hand  column. 


*  The  following  examples  of  addition  and  subtraction  express  two  important 
theorems  :— 

If  a  and  b  denote  any  two  numbers  whatever,  then  a-^-b  will  denote  their  sum 
4Uid  a^b  thdr  difference. 

And  (a+6)+(a— 6)Ba+i+a~5«B2a,  which  expressed  in  words  is  equivalent  to 
.this  theorem  : — 

If  the  difference  of  any  two  numbers  be  added  to  their  sum,  the  result  is  equal 
•to  twice  the  greater  number. 

Also  {a'\-b)-{a^b)*^a-\'b~a'\-b'^2b,  denotes  the  theorem  : — 

If  the  difference  of  any  two  numbers  be  subtracted  from  their  sum,  the  result  is 
equal  to  twice  the  less  number. 

Also,  if  the  expressions  («+&)+ (a— 6) » 2a  and  (a+&)-(a— d)*2i,  be  each 
divided  by  2,  there  results 

a-f6    g— ft        ^ J  a+b    b-a 
2   +   2    "^  2    "    2    *'^' 

The  former  denotes  the  theorem  : — ^Half  the  difference  of  any  two  numbers  added  to 
half  their  sum,  is  equal  to  the  greater  number.  And  the  latter  :— Half  the  differ- 
ence of  any  two  numbers  subtracted  from  half  the  sum,  is  equal  to  the  less 
number. 


EXERCISEa 
I. 

1.  Write  a  brief  aooouat  of  fhe  most  ancient  treatise  on  Algebra 
known  to  be  extant. 

2.  Wben  was  the  scienoe  of  Algebra  first  cultivated  by  the 
Arabians  ?    What  is  the  meaning  of  the  word  Algebra  ? 

3.  Give  a  brief  account  of  the  extant  writings  on  Algebra  in  the 
Arabic  language.    What  subjects  do  they  embrace  ? 

4.  When  did  Diophantus  flourish?  Give  some  account  of  his 
Arithmetics. 

5.  When  did  the  science  of  Algebra  become  known  in  Italy  and 
in  other  countries  of  Europe  f 

6.  Give  the  names  of  the  writers  of  modem  times  by  whom  the 
edence  of  Algebra  has  been  improved  and  extended. 

7.  What  marks  or  symbols  were  first  devised  and  assumed  for 
denoting  the  operations  of  addition  and  subtraction ;  also  for  denoting 
the  contrariety  of  affection  of  quantities  ?  Was  the  employment  of 
these  symbols  contemporaneous,  or  did  their  use  for  one  purpose  pre- 
cede that  of  the  other  by  any  interval  of  time  ? 

8.  What  improvements  were  introduced  into  the  language  of 
Algebra  during  the  seventeenth  century  ? 

n. 

1.  Explain  the  meanings  of  the  signs  +y  -i  and  =  ;  and  ex- 
emplify how  they  are  employed. 

2.  What  is  the  distinction  between  Geometrical  and  Arithmetical 

equality?    Express  in  words  a-(»  0  and  ?» 1 ;  and  show  that  these 

o 

are  equivalent  tests  of  the  absolute  equality  of  the  two  finite  quantities 
A  and  6. 

8.  Add  +  6a  to  +7 a,  and  from  +I2a  subtract  +5a. 

4.  Add  -  5a  to  —  7a,  and  from  —  12a  subtract  —5a. 

5.  Add  ^5a  to  +7a,  and  from  +2a  subtract  --Sa. 

6.  Add  a^-h  to  a+5,  and  subtract  a— &  froma-^h. 

7.  Showthat  a— (^— c)Ba-5+0,  a  being  greater  than  8— c,  and 
h  greater  than  e ;  also  a  being  less  than  h—e,  and  h  less  than  c. 

8.  Explain  how +»+(+()  and+a-(— 8)  are  each  equivalent  to 

9.  Find thevalueof(3+4+5)^(8+4-5)  +  (3+5- 4)- (4+6-3). 

10.  Findtheaggregateof +(iii— n+p),  4.(TO+n+|?),  —  (m— «— 1»), 
and  +(«i— i»+ii)  in  the  simplest  form. 

11.  What  is  the  sum  and  difference  of  tna+na  and  ma— fia  ? 

12.  Explain  how  (I)  «ia+wa«(i»+n)a,(2)-»ia-fta=  —  (m+n>i^ 
(8)  i»a— fi«-(i»— «i)a,  and  (4)— «a+«a-  --(jn^n)a. 


12 

in. 

Simplify  the  following  expressions: — 

1.  a+(a+*)  +  (a+3+c). 

2.  a-(o— 5)-(a-*+(j). 

3.  a+{(a+6)-(a+3+tf)}. 

4.  a— {(a  — J)-(a— 5+tf)}. 

5.  a— {a— i— (a— J  — c)}. 

6.  a— (a-J)  +  (a— 5— c)-(a— i— c- <i). 

7.  a-{{a^b)  +  {a''b-e)-{a^b^e'-d)]. 

9.  2  (a+J)-3{c -(£-(»+ J)+4(<y-rf}. 

10.  {a+h-{e+d)}-{h-^a'^{d-c)}-  {a-5  +  (tf~^} 

11.  3(a--5+c)-5(a-25  +  3<?)  +  4(a-^3J  +  2£)j^2(a-75--2(?). 

12.  12a-[{33~(26-<?)}-4<^+{2a-3i-c-2J}]. 

Seduce  eacliof  the  following  expressions  to  the  simplest  form : — 

1.  («p+Jy)+(«+y)+(a-i)«-(i+l)y. 

2.  8(a+J-<>)+7(*+c-a)  +  9(a+^-J). 

8.  (a+i?)-{5+y-(a-«-*-2y)}. 

4.  («+%+(*+%-  {(a-5>-(J-<?)y}. 

5.  {(fl+5>c+(a+c)y}  +  {(ft-<?>+(J-a)y}  +  {(<'-»>+(<^-%)- 

V. 

Simplify  the  following  expressions  :•— 

1.  8«:-7y-(2a?-4y)-(-7ar+2y). 

2.  «-{2y-(2«-3«-y-«)}-  {2j?-3(y-a?)}. 

3.  -{*-(y-«)}-{y-(«.«)}-{s-(^-y)}. 

4.  ar-3y-[(5a?+4y)  +  3a;+{y-9a?-(2y-«)+(a?-y)}]. 

5.  44a;+{48y-(6«+3y-7«)  +  4?}-{48y-8a?+2«-(44?+y)}> 

6.  2(«+y+«)  +  3(«+y-a)+5(«+s-y)+7(«+y-«). 

VI. 

1.  If  a,  ^,  0  be  three  numbers,  a  being  greater  than  h  and  h  greater 
than  e,  which  of  the  following  differences  is  positiye,  and  which  nega* 
tive,  a— J,  a— c,  J— a,  J— c,  tf— a,  c-ft? 

2.  Distinguish  like  and  tin/i^  quantities,  and  giye  examples. 

8.  Express  the  aggregate  of  a— (5— c)- {*— ((j-o)}  +  {«-(^-a}f 
first  as  a  positive  quantity,  and  secondly  as  a  negatiTe  quantity. 

4.  Write  down  all  the  sums  and  dififorences  which  can  be  formed 
with  ±4^  ±S,  when  taken  two  at  a  time. 


5.  Find  all  the  aggregates  wHch  can  be  formed  from  ±a,  ±h, 
and  ±c,  when  taken  three  at  a  time,  butso  that  the  same  symbol  shall 
not  occur  more  than  once  in  each  expression. 

6.  Express  in  symbols  the  quotient  arising  from  the  product  of 
two  quantities  divided  by  the  product  of  their  sum  and  difference. 

7.  Express  «*-2a(<i-*)«»+(<^+«^)(a-*)«-<i»*»  with  numerical 
coefficients  when  a=4  and  ia8. 

8.  Simplify  {aj»+y»-(3:r»y+3ay)}-{(^-3a:*y)-(3a^^y»)}. 

9.  Arrange  tf»(a?+y-a)-a*(s+a?-y)+3=(«+y-a:)  so  that  the  co- 
efficients oix,if,%  may  consist  of  a*,  db,  h\ 

10.  Arrange  (a?+y+«)a,+(a?+y-«K+(^+«-yK+(y+«-a:>4in 
three  terms  i^volving  x,  y,  z  respectively,  with  coefficients  consisting 
of  Oi,  a,,  a,,  a^ 

11.  TVhy  are  the  same  signs  +  and  -  used  to  denote  operations 
and  also  signs  of  affection  ?  Can  we  interpret  the  meaning  of  such 
signs  of  affection  independently  of  a  knowledge  of  the  specific  nature 
of  the  magnitudes  represented  by  the  symbols  to  which  they  are 
attached? 

vn. 

1.  Find  the  sum  of  a+b+e,  a+6-tf,  a+e-^h,  h+e^a,  and  its 
numerical  value  when  Sa  =  6i  » 12o  =  5. 

2.  U  x»a+2h+3e,  y  =  6+2tf+3a,  and  «»tf+2a+3a,  show  that 
«+y+»-6(a+J+tf). 

3.  Simplify  the  expi^ssion  16iP- 10- [7— {8a:- (9a?- 3- 6^}],  and 
find  the  least  integral  valne  of  z  that  will  render  the  result  negative* 

4.  Find  the  sum  of  5s?+6y+i%  and  2x^jf+2Zf  and  the  differenoe 
betweeny— 4s— 3d;aad«— 7;p-|-3y;  express  the  sum  of  the  results  in 
the  simplest  form,  and  determine  the  value  when  a;  =  10,  y  =  100,  and 
s^lOOO. 

6.  Find  the  sum  of  3(jr^2y+3a)»  4(y— 2s+3i;)  and  5(z^2ic+3ff\ 
and  its  value  in  terms   of  x^  when  jt;=10y  and  y=  100s. 

6.  Determine  the  sum.4>f  dx+Sp+u,  3s+5y+a?,  and  tf+3x+&s, 
and  its  value  when  100a?=:10yss-l. 

7.  Show  that  the  value  of  «*-fl^+a^-«*+«+l  is  ^  when  «=s  —J. 

8.  If  0«-O2,  h^  04,  0te  08,  find  the  values  of  i^+V+^±S  dhe. 

9.  Add  together  4«*+3«^-y»,  4a^-3a^,  7«y«+9y*-2«*y»  aad 
find  what  must  be  subtracted  from  the  sum  to  leave  the  remainder 

Sa^-S^V+y*- 

10.  Take  aB»+Jaf*+aB»+&:«-h«a?+l 

from  jM^^qa^+r^^sa^^ta^^vx+l. 

11.  If  +e>+2,  and  +2<+6,  how  is  it  explained  that  --6<-*2, 
and  — 2>— 6? 


MULTIPLIOATION  AND  DIVISION. 

Art.  10.  The  product  of  any  two  quantities  a  and  h  has  been  aasumed 
to  be  denoted  by  ax  h,  a,h,  and  ah ;  and  the  product  ah  may  be  con* 
aidered  to  be  produced  by  a  multiplied  by  h,  or  by  h  multiplied  by  a. 

The  quotient  of  one  quantity  a,  divided  by  another  h,  has  been 

assumed  to  be  denoted  by  ^  or  a-f-2. 

The  processes  of  Multiplication  and  Division  are,  one  the  reverse 
of  the  other;  as  the  product  of  2  multiplied  by  3  is  6,  and  the 
quotient  of  6  if  divided  by  3  is  2,  but  if  by  2  the  quotient  is  3.  In 
the  same  manner,  the  product  a  multiplied  by  h  is  ah,  and  the  quotient 
of  ah  if  divided  hyhiBa,  but  if  divided  by  a  is  h. 

When  a  product  consists  of  two  simple  factors,  both  of  them  may  be 
positive  or  both  negative,  or  one  of  them  may  be  positive  and  the  other 
negatire.* 

First.  If  the  signs  of  the  factors  are  both  positive,  the  product 
+ax  +h  implies  that  +a  is  to  be  added  as  many  times  as  there  are 
units  in  +&I  and  since  the  sum  of  any  number  of  equal  positive 
quantities  is  positive,  it  follows  that  the  product  +ax  +h  is  +ah,  or 
+ax+h=+ah:  that  is,  the  product  of  two  positive  quantities  is 
positive. 

Secondly.  If  one  factor  is  negative  and  the  other  positive,  the  pro- 
duct*—ax  +h  denotes  that  the  negative  quantity  —a  is  to  be  added 
as  many  times  as  there  are  units  in  +h ;  and  since  the  sum  of  any 
number  of  equal  negative  quantities  is  negative,  it  follows  that  the 
product  — ax+i  is  -«5,  or  — «x+ft=-«>. 

The  product  of  +a  multiplied  by  -  ^  will  produce  the  same  result 
as  the  multiplicand  may  be  made  tfie  multiplier,  and  the  multiplier 
the  multiplicand,  and  then  -hx  +a  denotes  that  —  ft  is  to  be  added  a 
times,  and  the  result  is  the  same  as  in  the  former  case ;  that  is,  the 
product  of  a  positive  and  negative  quantity  is  negative. 

Thirdly.  If  both  the  factors  are  negative.  When  a  negatiye  quan- 
tity —a  is  to  be  multiplied  by  a  negative  quantity  —ft,  the  product 
—ax  —ft  denotes  that  the  negative  quantity  is  to  be  subtracted  as 
many  times  as  there  are  units  in  —  ft ;  but  the  subtraction  of  a  nega- 


*  These  explanations  may    perhaps  become  more  intelligible  by  considering 
particular  numbers  instead  of  general  symbols  of  number. 

1.  ^4x  +8-4+4+4  or  4  added  8  times,  so  that  +4x  +8-+12. 

2.  -4x+8-(-4)+(-4)+(-4)or  -4  added  8  times,  that  is-4x8«-12; 
also  -8x+4-(-8)+(-8)+(-8)+(-8)  or  -8  added 4  times. 

a.  ^4x-8»-(-4)-(-4)-(-4)or— 4  subtracted  8  times, 
or  -4X-»--(-4-4-4)--(-12)«  +  I2. 


tire  quantity  is  the  same  process  as  the  addition  of  a  positive  quantity. 
It  follows  that  the  product  —ax— his  +ah,  or  —ax—  5=  +ai,  that 
is,  the  product  of  two  neg^ative  quantities  is  negative. 

Hence,  generally,  the  product  of  two  quantities  having  like  signs 
is  positive,  and  having  unlike  signs  is  negative. 

11.  In  the  division  of  one  quantity  by  another,  both  quantities  may 
be  positive  or  negative,  or  one  of  them  may  be  positive  and  the  other 
negative.  As  the  process  of  division  is  the  reverse  of  multiplication ; 
in  the  process  of  division  the  product  becomes  the  dividend,  and  if  the 
multiplicand  be  made  the  divisor,  the  multiplier  is  the  quotient ;  but 
if  the  multiplier  be  made  the  divisor,  the  multiplicand  is  the  quotient. 

In  dividing  one  quantity  by  another,  the  sign  of  the  quotient  may 

be  infeired  from  the  signs  of  the  dividend  and  divisor. 

First.  If  the  dividend  and  divisor  are  both  positive. 

+ah 
Since  +a  x+h=  +ahf  then  7—  =  +*,  the  quotient ;  or,  if  a  positive 

quantity  is  divided  by  a  positive  quantity,  the  quotient  is  positive. 
Secondly.  If  the  dividend  and  divisor  are  both  negative. 

Since  — ax+i*— 3,  then  ZI—  =+i,  the  quotient;  of,  when  a 

— * 
negative  quantity  is  divided  by  a  negative  quantity,  the  quotient  is 

positive. 

Thirdly.  If  the  dividend  is  negative  and  the  divisor  is  positive. 

Since  +a  x  —  3  =  —  a3,  then  —^ —  =  —  5,  the  quotient ;  or,  if  a  negative 

+a 

quantity  is  divided  by  a  positive  quantity,  the  quotient  is  negative. 

Also  -ax  —1=  +ahy  then ^—  =  —  3,  the  quotient ;  or, if  a  positive 

—  a 

quantity  be  divided  by  a  negative  quantity,  the  quotient  is  negative. 

Hence,  generally,  when  the  dividend  and  divisor  have  like  signs, 

the  sign  of  the  quotient  is  positive ;   but  when  they  have  unlike 

signs,  the  sign  of  the  quotient  is  negative. 

12.  The  product  of  two  or  more  quantities  has  been  assumed  to  be 
denoted  by  writing  the  factors  together  with  the  coefficient  prefixed, 
and  its  proper  sign,  as  determined  by  the  signs  of  the  factors. 

But  the  product  of  two  or  more  equal  quantities,  called  a  power,  is 
denoted  by  placing  at  the  right  of  one  of  the  factors  a  small  figure  as 
an  index  or  exponent,  showing  how  many  equal  factors  compose  the 
product. 

The  index  of  the  product  of  two  or  more  powers  of  the  same  quan- 
tity will  be  denoted  by  the  sum  of  the  indexes  of  the  factors ;  as  the 
product  of  a*  and  a*  is  o^'  or  a^,  as  will  appear  ^m  the  assumed 
notation  of  powers. 

For  tf* « a.a,  and  c^ « a,a,aj  .-.  a*  x  a*  =  («.«)  x  {a.a.a)  =  a.a.a.a.a  =  1^. 

And  the  index  of  the  quotient  arising  from  the  division  of  two 

§4 
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powers  of  the  same  quantity,  will  b^  denoted  by  the  difference  arising^ 

from  subtracting  the  index  of  the  divisor  from  the  index  of  the  dividend ; 

as  the  quotient  arising  from  the  division  of  d^  by  a'  will  be  c^, 

— ,       ■                        -    «                 tf*     a.a.a.(7.a  , 

For  <r  =  (i.a,a,a,a.  and  or  =  a.a.  .•.  -5-  = = a,a,a  or  <r. 

And  these  consequences  may  be  shown  to  hold  true  generally  when 
the  indices  are  denoted  by  any  numbers  m  and  n  whatever. 

For  a"  =  tf.a.a.a  ....  to  m  factors,  and  a*  =  «.<;.« to  9}  factors^ 

.-.  oT  X  a*^(a,a,a,a  .  . .  to  i»  factors)  x  {a,a,a  ...  to  »  factors) 
=  a,a,a,a,a  .  .  .  .  to  (m+»)  factors 
=='«*■*'",  by  the  assumed  notation ; 
or,  the  product  of  any  powers  of  the  same  quantity  is  denoted  by  a 
power  the  index  of  which  is  equal  to  sum  of  the  indices  of  the  factors. 
a,     oT    a,a.a,a  ....  to  w  factors, 
"^  "  a.a,a  ...  to  »  factors 
=  a.a.a  .  .  .  .  to  (m— n)  factors,  supposing  m>n. 
a  a*"'",  by  the  assumed  notation ; 
or,  the  quotient  of  any  powers  of  the  same  quantity  is  denoted  by  a 
power  the  index  of  which  is  equal  the  difference  arising  from  sub- 
traetinig  the  index  of  the  divisor  from  the  index  of  the  dividend. 

If»  =  «»,ihen— =  — =  1,  anda*-"  =  <r,  .-.  a'=l. 

a*      a" 

Hence,  every  quantity  having  zero  for  its  index  is  equal  to  unity, 

and  a^  may  be  considered  as  the  algebraical  symbol  for  1,  as  it  arisea 

from  the  division  of  equal  powers  of  the  same  quantity. 

a* 
If  m  <  »,  since  —  =  «*"•;  dividing  these  equals  by  a". 


a" 

1      «*■"  1 

.•._=!! —  =  a"-»"*  =  ei-*,  or  «-•  =  -:, 

a*      tf"  a" 

or  any  power  of  a  quantity  with  a  negative  index  is  equivalent  to  the 
reciprocal  of  the  same  power  with  its  index  positive. 

Also,  since  «""  =  — ,  .*.  a"V  d*=  1,  and  «•  =  — , 

a*  or* 

or  any  power  of  a  quantity  with  <i  positive  index  may  be  expressed 

by  the  reciprocal  of  the  same  power  with  its  index  negative. 

Hence,  when  a  power  forms  a  factor  in  the  numerator  or  denomi- 
nator of  a  fraotiony  this  factor  may  be  removed  from  the  numerator 
to  the  denominator,  or  from  the  denominator  to  the  numerator,  by 
changing  the  sign  of  the  index. 

Fjrop.  To  explain  the  process  of  Algebraical  Multiplication. 

In  performing  the  process  of  multiplication  the  product  of  two  or 
more  monomials  is  denoted  by  prefixing  the  proper  sign  to  the  pro- 
duct of  the  coefficients  and  the  indicated  product  of  the  quantities ;  as 
the  product  of  3a^ar^  and  -  5(^x  is  — 15(^1^* 
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When  the  multiplicand  is  a  compound  quantity  ^nd  the  multiplier  a 
monomial ;  the  product  is  found  by  multiplying  each  term  of  the  mul- 
tiplicand by  the  multiplier,  and  connecting  the  terms  of  the  product 
by  their  proper  signs;  as  the  product  of  5a^ - 4ax -^ Sx^  and  -2ew?  is 
—  1 0(^x.+  8aV + 6aji^. 

When  both  the  multiplicand  and  multiplier  are  compound  quan- 
tities ;  the  product  is  found  by  multiplying  every  term  of  the  multipli- 
cand by  each  term  of  the  multiplier,  and  the  sum  or  aggregate  of  the 
partial  products  will  be  the  product  of  the  two  compoimd  quantities.* 

As  examples,  multiply  a+^by  a+h,  a— ^  bya— ^,  and  a+h  by 

tf-fi  a— 5  a+6 

a+b  a^b  a^b 


tf+ab  a^—ab  a^+ab 

-^ab+b^  -ab+b*  ^ab^b'' 


These  products,  with  their  factors,  express  the  three  foUowing 
identical  equations : — 

(«+*)x(a+*)or(a+5)«  =  a»+2«5+5^,  (1) 
(a-ft)x(tf-i)  or  {a^by=^a^'-'2ab+b\  (2) 
{a+b)x{a^b)  =i»«-J»,  (3) 

and  denote  in  symbols  three  important  numerical  theorems : 

(1)  The  square  of  the  sum  of  any  two  numbers,  is  equal  to  the  sum 


*  Ia  the  product  of  two  compoimd  qiumtitieB  both  of  which  increase  or  de- 
flrease  i^^gnlarly  by  aacending  or  descendisg  powers  of  the  same  symbol ;  the  opera- 
tion may  be  performed  by  omitting  the  powers  of  the  afymbol,  and  writing  the- 
coefficients  only  of  the  terms  with  their  proper  signs,  and  placing  0  for  the  coeffi- 
cient of  any  term  which  may  be  wanting. 

Let  a»-<-2x-8  be  multiplied  by  «»— 8a:-2. 

a;«-f2aj-8  1-^2-8 

ag-8a;-2  1-8-2 

aj*+2a;»-8iB»  1-^2-3 

— 8a;»-6aj»+9aj  -8-6-1-9 

-2a:«-4a;-f6  -2-4+6 


g4-x»-lla;a-f5a?-f6  1-1-11+5+6 

If  it  be  required  to  multiply  »*+2a;— 8  by  »'  —2,  where  the  second  term  of  the- 
tenltiplier  is  wanting  ;  0  must  be  placed  as  the  second  coefficient  of  the  multiplier^ 
and  the  process  will  stand  thus — 

a5«+2a:-8  1  +  2-3 

x^-2 1  +  0-2 

a;4+2jB»-3x«  1+2-3 

-2a'-4a+6  -2-4  +  6 

«*+2aj»-&B»-4aj+6  1+2-6-4  +  6 

The  lerene  process  of  division  may  also  be  performed  in  the  same  manner  by 
emitting  the  powers  of  the  symbol  and  writing  only  the  coefficients  of  the  terms  in 
order  with  their  proper  signs. 
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of  the  squares  of  the  two  numbers  together  with  twioe  their  product. 
(See  Euc.  ii.  4.) 

(2)  The  square  of  the  difference  of  any  two  numbers,  is  equal  to  the 
difference  between  the  sum  of  their  squares  and  twice  their  product. 

(3)  The  product  of  the  sum  and  difference  of  two  numbers,  is  equal 
to  ^e  difference  of  the  squares  of  the  two  numbers.  (See  Euc.  ii. 
6.  Cor.) 

And  the  first  and  second  have  this  connection : 

(a+by  =  (fl-  hy+4ab,  (a -  by  =  {a+by - 4ab ;  that  is, 

The  square  of  the  sum  of  two  numbers,  is  equal  to  the  sum  of  the 
square  of  the  difference  and  four  times  the  product  of  the  two 
numbers. 

The  square  of  the  difference  of  two  numbers,  is  equal  to  the  dif- 
ference between  the  square  of  the  sum  and  four  times  the  product 
of  the  numbers. 

The  product  of  three  or  more  factors  is  found  by  multiplying  the 
product  of  the  first  two  by  the  third  factor,  and  this  product  by  the 
rest,  if  there  be  more  than  three  factors ;  as  the  product  of  the  factors 
a+bf  a+b,  a+b,  and  of  a— 5,  a-b,  a-b  can  be  found  and  expressed 
with  their  factors  by  the  identical  equations,  as 

(a+i)x(a+J)x(tf+i)  =  a»+3a«3+3aJ«+J» 
or  (a+5)»  =  «»+5»+3a^(a+a), 
and(«-J)x(a-*)x(a-*)  =  a»-3«»3  +  3fla»-6» 
or  (a-*)»  =  fl*-a»-3a*(a-*). 

These  two  identical  equations  may  be  thus  expressed  in  words : 

The  cube  of  the  sum  of  two  numbers,  is  equal  to  the  sum  of  the 
cubes  of  the  two  numbers,  increased  by  three  times  the  product  of  the 
two  numbers  multiplied  by  their  sum. 

The  cube  of  the  difference  of  two  numbers,  is  equal  to  the  differ- 
ence of  the  cubes  of  the  two  numbers,  diminished  by  three  times  the 
product  of  the  two  numbers  multiplied  by  their  difference. 

The  sum  and  the  difference  of  the  cubes  of  two  numbers  can  both 
be  denoted  by  the  product  of  two  factors : 

Thus,  i^+b*  =  {a+b)  X  (a«— fl3+ *•),  and 
a»-J»= (a-J)  X  {a^+ab+b"). 

These  may  be  expressed  in  words  as  f oUows : 

The  sum  of  the  cubes  of  two  numbers,  is  equal  to  the  product  of 
the  sum  of  the  two  numbers  and  the  difference  between  the  sum  of 
their  squares  and  their  product. 

The  difference  of  the  cubes  of  two  numbers,  is  equal  to  the  pro- 
duct of  the  difference  of  the  numbers  and  the  sum  of  their  squares 
increased  by  their  product. 

When  ^e  fiEustors  of  a  product  are  of  the  form  of  x^a  and  x—b, 
where  a  and  b  are  any  integral  numbers,  the  products  of  two  and  of 
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three  Buch  factors  may  be  written  without  performing  the  process  of 
xnnltiplication.* 

Thus  the  products  of  two  such  factors  are  of  the  forms 
{x+a){x+h)  =  2^+{a+b)x+ab,  suppose  a>b, 
(x  —  a)(x-'h)  =  ai^-'(a  +  h)x+ab, 
{x+a)(x^h)  =  a^+{a—h)x-ah, 
(x — a){x+h)  =  ic*  —  (a  —  h)x  —  ab. 
Also  the  product  of  three  factors, 

ix+a){x+h){x+e)  =  !i^+(a+h+eyx^+{ab+ac+he)x+ab€. 
When  one,  two,  or  all  three  of  the  fjEustors  are  of  the  form  x^a,\ 
the  products  are : 

(x-a)(x-h){x''e)=^3^''{a+h+eyx^+{ah+ae+he)x^ahe, 
{x^a){x+h)(x^c)mma^+{h—a-~c)a^+{ae-^ah'-hc)x+ahc. 

Prop,  When  a  product  is  composed  of  a  number  of  rational  binomial 
/actors  qf  the  forms  x+a  and  x^by  and  arranged  according  to  the  descend- 
ing powors  of  x;  if  the  signs  of  the  product  be  written  in  order,  it  wUl  be 

found  there  will  be  as  many  continuations  of  the  signs  +  +  and as 

there  are  factors  of  the  form  x+a^  and  as  many  changes  of  sign  -\ and 

\r  as  there  are  factors  qf  the  form  x^b  in  the  product. 

Mmee,  conversely.     When  the  terms  of  a  product  arising  from  binomial 

factors  are  arranged  according  to  the  descending  powers  of  x,  and  the  signs 

of  the  terms  are  written  in  order,  the  number  of  continuations  of  the  signs 

+  +  and  —  —  tffiU  indicate  the  number  of  factors  of  the  form  x+a  in  ^ 

product^  and  the  number  of  changes  of  signs  +  —  and 1-  will  indicate 

the  number  of  factors  of  the  form  x^b. 

This  property  will  become  evident  from  the  product  of  two,  three, 
or  any  number  of  such  f&ctors.} 

*  The  following  examples  of  these  general  forms  of  products  may  be  found : 
(«+4)(»+3)-aj«+7a!+12. 
(aj- *)(«- 8) -aj« -7»+12. 
(as+4)(a8-8) -«•+«- 12. 
(aj-4)(«+8)-aj«-»-12. 
Also  (»+8)(iP+2)(aj+l)=-aj*+«aj«+llaj+6. 
(a8-8)(«-2)(x-l)  =«• -eaj«+llaj-6. 
(«-8)(«+2)(a;+l)-«» +0»«-7a;-6  or  »*-7»-6. 
(a5-8K»+2)(«-l)-a:«-2a5«+6a;+6. 

t  Factors  of  the  form  x^a  may  be  written  in  the  form  x+a,  by  writing  the 
n^gatiTe  sign  over  the  second  term  of  the  feictor  and  connecting  it  by  the  positive 
sign  to  the  first  By  means  of  this  artifice  the  product  of  binomial  factors,  some  of 
form  «+a,  others  of  form  x—a,  may  be  exhibited  as  the  product  of  factors  of  the 
form  x-\-a.  The  product  can  then  be  reduced  to  the  ordinary  form  by  replacing 
oby  — fl. 

t  The  truth  of  this  property  may  be  shown  in  the  examples  of  the  products  of 
two  and  of  the  three  factors  given  in  the  note  above  marked  *. 

First  When  the  products  consist  each  of  two  fietotors.  The  signs  of  the  first  pro* 
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18.  Prop.  To  explain  the  process  of  Algebraical  dtvisitm. 

The  quotient  of  one  monomial  divided  by  another  is  determined 
by  dividing  the  coefficient  and  factors  of  the  dividend  by  the  coeffi- 
cient and  factors  of  the  divisor,  and  prefixing  to  the  quotient  the 
proper  sign ;  as  the  quotient  of  —  Idafiha^  divided  by  3a*5a:*  is  —  5a^«. 

And  when  the  dividend  is  a  compound  quantity  and  the  divisor  a 
monomial,  the  quotient  is  determined  by  dividing  each  term  of  the 
dividend  by  the  divisor,  and  connecting  the  terms  of  the  quotient  by 
their  proper  signs;  as  the  quotient  of  —  10a^«+8d(V+6ajp*  divided 
by  —  2«iris  4-5a'— 4<Rr— 3**. 

When  the  dividend  and  divisor  ore  both  compound  quantities.  As 
the  process  of  division  is  the  reverse  of  multiplication ;  if  the  divisor 
be  multiplied  by  each  term  of  the  quotient,  and  these  successive  pro- 
ducts be  subtracted  j&om  the  dividend,  the  quotient  will  be  determined. 

First. — ^Let  the  terms  of  the  dividjend  and  divisor,  if  necessary,  be 
atxanged  according  to  the  ascending  or  descending  powers  of  one  of 
the  quantities ;  then  the  first  term  of  the  quotient  is  found  by  dividing 
the  first  term  of  the  dividend  by  the  first  term  of  the  divisor. 

Secondly. — ^Let  the  divisor  be  multiplied  by  the  first  term  of  the 
quotient,  and  the  product  be  subtracted  from  corresponding  terms  of 
the  dividend. 

Thirdly. — ^To  this  remainder  let  one  or  more  terms  from  the  dividend 
be  annexed,  and  thq  setpond  term  of  the  quotient  is  found  by  dividing 
th^  first  term  of  this  new  dividend  by  the  first  term  oi  the  divisor. 

<diict  arranged  are  +  +  +  ,  which,  taking  the  fii-st  with  the  second  sign,  and  the 
second  with  the  thixd,  give  +  + .  and  +  + ,  two  continuations  of  the  same  sign 
when  the  factors  are  as  +  4  and  x  +  Z. 

The  signs  of  the  second  product  are  +  *-  + ,  iHUlch  give  -*-  —  and  —  -t- ,  when 
the  factors  are  a;— 4  and  x^2. 

The  signs  of  the  third  product  are  +  +  — ,  which  give  +  +  and  +  — ,  when  the 
factors  are  iB  +  4  and  x— 3. 

The  signs  of  the  fourth  prod^ct  are  + ,  which  give  +  —  and ,  when 

the  factors  are  of  the  form  a;— 4  and  a;  +  3. 

Secondly.  When  the  piroducts  consist  each  of  three  factors. 

The  signs  of  the  terms  of  the  first  product  are  +  +  +  +,  which  give  +  + ,  +  + , 
+  + ,  when  the  three  factors  are  of  the  form  x  +  a. 

The  signs  of  the  terms  of  the  second  product  are  +  —  +  — ,  which  give  +  — , 
—  + ,  H — ,  when  the  three  factors  are  of  the  form  x  —b. 

The  signs  of  the  teims  of  the  third  product  are  +  + ;  (writing  +  when  the 

•coefficient  of  any  term  is  zero). 

Taking  the  upper  of  these  two  signs,  the  order  of  signs' is  +  + ,  which  giv^e 

+  + ,  +  — , ,  when  two  factors  are  of  the  form  x  +  a,  and  one  of  the  form  x— &. 

Next  taking  the  lower  sign,  the  order  of  signs  is  +  — —  — ,  which  give  +  — , 

, ,  where  there  are  two  factors  of  the  form  x  +  a  and  one  of  the  form  x^-b, 

'the  same  as  before. 

The  signs  of  the  terms  of  the  fourth  product  are  +  —  +  + ,  which  *  give  +  - , 
--  +,   +  •«-,  when  two  factors  are  of  the  form  x^b,  and  one  of  the  form  a; -fa. 

And  similarly,  the  law  will  be  found  to  be  true  for  the  pDoduct-of  four,  five,  Ac., 
^rational  binomial  factors. 
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Fourthly. — ^Let  the  divisor  be  multiplied  by  the  second  term  of  the 
quotient,  and  the  product  subtracted  as  before ;  and  a  similar  process 
continued  for  the  third  and  successive  terms  of  the  quotient,  until  there 
be  no  remainder,  or  a  remainder  of  less  dimensions  than  the  divisor. 

In  the  former  case,  the  dividend  is  equal  to  the  product  of  the 
divisor  and  the  quotient ;  in  the  latter,  the  dividend  is  equal  to  the 
sum  of  the  remainder  and  the  product  of  the  divisor  and  the  quotient. 

As  examples  of  the  reverse  process,  let  a^+2ah+b^  be  divided  by 
a+by  and  a*— 2ai+i^  by  a—b. 

Thus  the  quotients  are  a+b  and  a-^b,  which  mth  the  divisor  and 
dividend  may  be  exhibited  by  the  identical  equations : 

a+b  a+b 

As  another  example  let  a'— ^  be  divided  hj  a—b  and  by  a+^* 
a^b)a^^b^  {a+b  a+b)a'-h\a''S 

a?—ab  €^+db 

+ab+ b^  '-ab-  f^ 

+a^  — J*  -^ab  —  lr 


These  quotients  may  be  exhibited  in  the  same  manner : 

^-  =  a+bf  and  — -  =  a-b. 

a^b  a+b 

The  reverse  operations  of  a^—b^  divided  by  a-b  and  by  a+b  re- 
spectively, give  the  following  theorems : — 

If  the  difference  of  the  squares  of  two  numbers  be  divided  by  the 
difference  of  the  numbers,  the  quotient  is  equal  to  their  sum.  And 
if  the  difference  of  the  squares  of  two  numbers  be  divided  by  the  sum 
of  the  numbers,  the  quotient  is  equal  to  their  difference. 

It  will  frequently  be  found  that  the  divisor  is  not  contained  exactly 
m  the  dividend,  and  in  such  cases  there  will  be  a  remainder  after  the 
quotient  has  been  obtained ;  as  a^+l^  is  not  exactly  divisible  by  a+^» 
but  gives  the  quotient  a—b  with  a  remainder  2^';  but  if  divided  by 
^"-  ^>  gives  the  quotient  a+b  with  2 J'  as  remainder. 

As  a  further  exemplification  of  the  reverse  process,  let  €^+b^  be 
-divided  by  fl+3,  and  a^—  ¥  by  a—  3 : 

a+b)  a?»+^  (a'-a5+6*  a- J)  «' -  ^  (a'+aJ+*- 

c^+c^b  ff* — a'b 

—  a^b'-ai^  +a'b — al^ 


+a^b+b^  +ab'-'l^ 
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These  also  may  be  similarly  denoted : 

a+b  a—b 

And  in  the  same  manner,  if  «'+3«'i+3«A*+J»  be  divided  by  «+J, 
and  «*-  3a*J+3fl*»-^  by  a-  ^,  it  will  be  found  that  the  quotients  are 
a'4-2a&-f  ^  and  a'— 2a5+^'  respectively,  and  that 

The  quotients  arising  from,  the  following  dividends  and  divisors 
are  important. 

1.  tf"— i*  is  exactly  divisible  by  a- J  when  the  n  is  any  positive 

integer  odd  or  even. 

2.  a*+i*  is  exactly  divisible  by  a+J  when  n  is  an  odd  integer. 

3.  a*— &"  is  exactly  divisible  by  0+^  when  n  is  an  even  integer. 

4.  o^+i"  is  in  no  case  exactly  divisible  by  a— ^,  whether  n  be  an 

odd  or  even  integer.* 

1 _  _  !■■     —  ^ ^T 

*  To  shew  that  a*— ft*  is  divisible  by  a— 5,  when  n  is  odd  or  eveiL 


a«-»6»-ft»,  Ac. 
It  is  obviooB  that  at  each  step  of  the  division,  the  indices  of  the  powers  of  a  in 

the  remainders  are  successively  diminished  by  unity,  and  after  n  steps  there  will  be 
no  power  of  a  in  the  remainder. 

Let  Q  denote  the  quotient  and  B  the  remainder, 

then  a»  -  6»  -  (a-  h)Q^R, 
and  since  the  remainder  R  does  not  contain  a,  it  will  not  be  altered  on  giving  any 
valae  whatever  to  a. 

Let  a^h,  then  5»-5»-(5-d)(2+i2,  or  iS-O, 
that  is,  the  remainder  is  0  after  n  terms  of  the  quotient  have  been  obtained,  whether  n 
be  an  odd  or  even  number,  and  the  quotient  with  the  dividend  and  divisor  may  be 
denoted  thus : — 

??!z::^-a^-i+a«-«J+a»-»6«+ +a«6«-»+a4"-« +&■-».      (1) 

a—h 

If  A«2,  8,  4,  5,  &c.,  any  integral  numbers, 

thenfiLz^-o  +  ^?!z:^-a«+aA  +  6Sf^^*-a»+a»6+a6»+^^^ 

5-IlL.«.a<+a*6+a'6*+a6*+5*,  and  soon. 
•— ( 

a-\-h 
where n«3,  5,  7,  9,  11,  &c 

Also  iiZ?-«pi-»-a-«6+o— «&»- -a»6»-«+od»-*-J— »,       (8) 

where  n«2,  4,  6»  8,  10,  &c. 

Bat  2!±?!  -a— »+a— «6+«'»-^+ +ai6»-»+aJ— »+6^>,  (4> 

with  remainder  2&*. 
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If  dividends  whose  coefficients  are  rational  of  the  form  ^±i^a?+?» 
^±:p^dzq^±:r,  a?*±/)ic'±j'jc'±ra?±«,  «*±^rf*±$'a:'±ra^±«r±^,  &c.,  axer 
divided  respectively  by  x±a;  after  two,  three,  four,  five,  &c., 
terms  of  the  quotient  have  been  determined,  the  remainders  wiU  be 
fonnd  to  be  of  the  same  form  as  the  dividends  with  a  in  the  place  of  x, 
in  some  cases  with  the  same  sig^  as  the  dividend,  in  others  with* 
different  signs. 

If  x^+pa^+qx+r  be  divided  by  a?  -  a* 

The  coefficients  of  the  dividend  are  l,p,  qt  r. 

The  coefficients  of  the  quotient  are  1,  a+p,  a'+<'j9+^, 

And  the  remainder  is  a^+i'^+?^+'** 

This  remainder  is  obviously  the  same  expression  as  the  dividend', 
having  a  in  the  place  of  x. 

Now  if  a  be  actually  substituted  for  x  in  the  dividend,  this  assumes 
that^atf,  or  a;— <»»0;  hence,  when  a  is  substituted  for  x  in  the 
dividend,  the  remainder  will  be  equal  to  0,  and  :r*-|~P^+S^^+^  will  be 
exactly  divisible  by  x—a. 

When  any  given  expression  with  numerical  coefficients  is  or  is  not 
divisible  by  x±,a,  the  quotient  and  the  remainder  can  be  found  by  sub- 
stituting the  numerical  values  for  the  general  coefficients  of  the 
dividend  and  divisor.f 

*  The  following  \b  the  process  of  the  division  exhibited,  and  the  proof  of  its 
correctneas : — 

as*— <k6* 

(g'+qp-f  g)g  -  {a*-\-pa^-{-qa) 

a^+(«+l')«+(«'+lw+2) 
g—g 

a^+ (g+i>)sc' + (g*+i?g + q)x 

-  ga^ — (g^  +j?g)j? — (g»  4-pg» + qa) 

j^ +jwi^ + 2»— g* -jwi^ — jg 
jj^+pa^+qa-^'r 

t  Is  aj»-6aj»+ll«-6  divisible  by  aj-8  ? 

The  coefficients  of  divisor  are  1,  —6,  11,  -6. 

The  coefficients  of  quotients  are  1,  —8,  2. 

The  remainder  is  27-54+88-6—0. 

The  expression  a^-e5B^+ll»-6  is  exactly  divisible  by  «-8,  and  gives  V-8«+2^. 
for  the  quotient. 

Is  a^+7a^+9aj+12  divisible  by  aj+8  ? 

The  coefficients  of  the  dividend  are  1,  7,  9,  12. 

The  coefficients  of  the  quotient  are  1,  4,  89. 

And  the  remainder  is  8»+7-8«+9-8  + 12-129. 

The  expression  a^+7x  +  9a;+12  when  divided  by  a; +8  gives  the  quotient 
a^  +  IOj: + 89,  with  a  remainder  129. 
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Also  the  conditions  may  be  readily  found  when  any  rational  expres- 
43ion  of  these  forms  is  divisible  by  x+l  and  by  a:— 1. 

If  a^+px*+qx+r  is  divisible  by  x+l,  x+l  must  be  equal  to 
0,  and  07=  — 1 :  by  substituting  this  value  for  x,  the  dividend  becomes 
-(— !)«+;?(— l)^+5r(—l)+r,  which  must  also  be  equal  to  0, 
or  — i+jp— j'+r  =  0,  or  p+r  =  q+lf  that  is:  the  expression 
a^+pa!^+qx+r  is  divisible  by  x+l,  if  the  sums  of  the  iiltemate 
coefficients  of  the  dividend  are  equal. 

And  if  a^+pj^+qx+r  is  divisible  by  a:— 1,  then  x—1  must  be 
equal  to  0,  and  «=1,  and  substituting  thiB  value  of  x,  l+p+q+r 
must  be  equal  to  0,  or  the  sum  of  coefficients  of  the  terms  of  the 
divid^id  must  be  equal  to  0. 

14.  The  products  and  quotients  of  concrete  quantities  admit  of 
different  inteipretations,  according  to  the  nature  of  the  magnitudes 
denoted  by  the  symbols.  In  their  application  to  geometrical  magni- 
tudes, they  indude  lines,  surfaces,  and  volumes,  as  well  as  angles 
and  curves.  The  straight  line  has  one  dimension,  length  only ;  the 
surface  has  two  dimensions,  length  and  breadth ;  and  the  volume  has 
three,  length,  breadth,  and  thickness. 

The  unit  of  length  is  arbitrary,  and  may  be  any  staraight  line  of 
definite  and  known  length.  . 

The  square  is  the  figure  assumed  as  the  measure  of  surfaces,  and 
the  unit  of  area  is  assumed  to  be  a  square,  any  side  of  which  is  an  unit 
in  length.  The  cube  is  the  figure  assumed  as  the  measure  of  volumes, 
and  the  unit  of  volume  is  a  cube,  any  edge  of  which  is  an  unit  in  length. 

To  find  the  measure  of  any  line,  surface,  and  volume,  is  to  determine 
the  number  of  times  any  length,  surfSeu3e,  and  volume  contains  the 
unit  of  length,  surface,  and  volume  respectively. 

If  a,  b  denote  the  number  of  lineal  units  in  two  adjacent  sides  of  a 
rectangular  parallelogram  or  rectangle,  and  A  the  number  of  square 
units  in  the  area,  it  may  be  shown  that  A  =  ab* ;  that  is,  the  number 
of  square  units  in  the  area  of  a  rectangle  is  denoted  by  the  product  of 
the  two  numbers  which  express  the  ntunber  of  lineal  units  in  the  two 
adjacent  sides  of  the  rectangle.    Or,  in  other  words, 

J£  a  number  representing  a  line  be  multiplied  by  another  represent- 
ing a  line,  the  product  is  a  number  representing  an  area. 

And  since  A  =  ab,  it  follows  that  -—  =  ^,  a  number  denoting  h  lineal 

units. 

Hence.  If  a  number  representing  an  area  be  divided  by  another 
representing  a  line,  the  quotient  is  a  number  representing  a  line. 

*  The  reader  is  referred  for  the  proof  of  the  expressions  ^  ea&,  and  V—abc, 
to  the  notes  on  the  Second  and  Elerenth  Books  of  the  anthor*s  edition  of  Euclid's 
Elements  of  Geometry,  with  geometrical  exexciaes  selected  from  the  Cambridge 
ExftTnjnation  Papers. 
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Again,  i£a,  b,  e  denote  the  number  of  lineal  units  in  the  three  adja- 
cent edges  of  a  rectangular  parallelopiped,  and  F  denote  the  number 
of  cubic  units  in  the  volume,  it  may  be  shown  that  the  product  of  the 
numbers  a,  h,  and  <;  is  a  correct  representation  of  the  number  of  cubic 
units  in  the  volume  of  the  parallelepiped^  and  that  F^  abo.  Or  in 
words, 

The  number  of  cubic  units  contained  in  the  volume  of  a  rectangular 
parallelepiped,  is  expressed  by  the  number  of  cubic  units  contained  in 
tiie  product  of  the  numbers  of  lineal  units  in  any  three  adjacent  edges 
of  the  parallelepiped. 

And  since  V=  abc,  and^  =  ab,  then—  =  ~  »  «,  a  line  of  c  units. 

A      ab 

Or,  if  a  number  representing  a  volume  be  divided  by  a  number  re* 

presenting  an  area,  the  quotient  is  a  number  representbig  a  line. 

Next,  V^  abe  and-^=  ab,  an  area  of  db  square  units. 

Or,  if  a  number  representing  a  volume  be  divided  by  another  re- 
presenting a  line,  the  quotient  will  be  a  number  representing  an  area. 

It  will  also  be  obvious,  that  if  a  number  representing  a  line,  an  area, 
or  a  volume  be  multiplied  by  any  abstract  number,  the  products  will 
each  be  a  multiple  or  submultiple  of  the  line,  the  area,  or  the  volume 
respectively. 

And  in  tiie  same  manner,  if  a  line,  an  area,  or  a  volume  be  divided 
by  an  abstract  number,  the  quotient  will  denote  some  part  of  the  line, 
the  area,  or  the  volume  respectively. 

And  if  a  number  representing  a  line  be  divided  by  another  repre- 
senting a  line,  the  quotient  will  indicate  the  number  of  times  the  one 
ooiitains  the  other,  and  is  therefore  an  abstract  number.  In  the  same 
manner,  a  number  representing  an  area  divided  by  another  represent- 
ing an  area,  as  also  a  number  representing  a  volume  divided  by 
another  representing  a  volume,  wiU  denote  abstract  numbers  in  the 
quotients. 

In  a  similar  manner  the  products  and  quotients  of  other  concrete 
quantities  may  be  interpreted ;  as,  for  instance,  if  a  body  move  uni- 

formly  over  a  distance  of  a  units  in  t  imits  of  time,  then  •--  will  denote 
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the  distance  which  the  body  has  moved  over  in  one  unit  of  time,  and  is 

defined  to  be  the  velocity  of  the  body.    If  v  be  assumed  to  denote  this 

distance  or  velocity,  then  -  =  v,  and  a  =  tv,  or,  the  distance  moved  over 

with  an  uniform  velocity,  is  equal  to  the  product  of  the  numbers 
which  denote  the  velocity  and  the  time. 


EXERCISES. 
I. 

1.  What  operation  bears  the  same  relation  to  multiplication  that 
multiplication  bears  to  addition  ? 

2.  Explain  what  is  meant  bj  a  reverse  operation  in  Algebra,  and 
give  an  example. 

3.  Explain  the  meaning  of  the  terms  fieu)tor  and  dimension  as  applied 
to  Algebraical  expressions.     (Hve  examples. 

4.  What  is  meant  by  the  rule  of  signs  in  the  multiplication  of 
Algebraical  quantities  ?  State  whether  you  regard  the  rule  as  con- 
ventional or  demonstrative,  giving  your  reason  in  the  former  case,  or 
a  demonstration  in  the  latter. 

5.  Define  the  meaning  of  a";  shew  that  «*.«■  =  a"+",  and  —  =  a"""; 

a* 

and  explain  the  notations  a*,  a~". 

6.  Explain  and  interpret  the  expressions  ah,  and  ahe,  when  a,  h,  c, 
represent  straight  lines. 

7.  Find  the  products  of  5ahx  and  icdy;  tnah  and  ^nc;  •^12a'3^ 
and  5ab*d^;  —  12a'&0'  and  Sayd^  respectively. 

8.  Divide  20abedapy  by  4edy ;  — mnahe  by  tnah ;  ^%MV^d^  by 
— 12<i»*£j»;  +  96<i^yc'<^  by  — 8a*V,  respectively. 

9.  Multiply  9a+2a?  by  3a;  4a— 8i  by  — 3a^;  «'— or+a'by  -aa?;. 
8a'— 4fli—5i*  by  — 6a'W;  fiMX-^nay-^-pca  by  axyz\  — aV+^V— «V 
by  «*y^S  respectively. 

10.  Divide  27a* +6aa?by  3a;  —  12a*5+24a^by-3a6;  ^-aa^-^'ii^Ji^^c^s 
by— oar;  18tf*W+24a?W+30a»3Vby— 6a'iV;  maVya- wa'ay'a+jia'a^ys* 
by  axffz ;  — aVy*»'+5Vy*a*— ^ay'y V  by  aj'yV,  respectively. 

11.  Shew  the  truth  of,  and  express  in  words  at  length,  the  identical 
expressions : 

1.  a{a+h)+h{a+h).  2.  a(a— J)— 3(a— 5). 

3.  (a+a)«+(«-*)'  =  2(a«+i«).      4.  (a«+i)«-(a-ft)«  =  4ai. 

12.  In  the  first  ten  propositions  of  the  second  book  of  Euclid's 
Elements,  if  "  the  rectangle  contained  by  two  lines  "  be  exchanged 
for  ''the  product  of  two  numbers,"  and  ''the  square  on  a  line  "  for 
the  square  of  a  number : "  shew  that  the  propositions  so  changed  are 
true  for  all  numbers  whatever. 

13.  In  the  multiplication  and  division  of  Algebraical  polynomials, 
what  preliminary  steps  are  necessary  in  order  to  avoid  confusion  in 
performing  these  operations  ? 

n. 

Find  the  following  products,  and  prove  the  correctness  of  them  by 
reversing  the  operation  in  each  example : — 

1.  Of  2a;+3y  and  2x+Sy ;  2a:— 3y  and  2ar+3y ;  2a;— 3y  and  2a?— 3y- 
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2.  Of  ar»+2a?+7  and  x+5  ;  3a:*— 5a?y+7y*  and  2;i;— Sy. 
8.  Of  tf*+fla;+«*  and  «•— ajj+^c*. 

4.  Of  8fl^— 12a'5+18ai*— 275»  and  2«+3i. 

5.  Of  a»— 2tfi+2i*  and  a«+2ai+2**. 

6.  Of  5ar»— 7a:*— 3a;+8  and  7a:»+8. 

7.  Of  a^+ea^+24x+60  and«»— 6a;»+12a:— 60. 

8.  Of  «•— 3ar*+2^d;  and  a:»— 2tfar— 2a'. 

9.  Of  81«*+27a:»y+9j:>y«+3ay +y*  and  3«— y. 

10.  Of  a^+a^+a^+x+l  anda:*— ar+1. 

11.  Of  a*— 2a»+3a*— 2a+l  and  tf*+2a^+3a»+2«+l. 

12.  Of  1— 5ar+10j5»— 10rc»+5a:*-a:*  and  1— 2a?+a:». 

13.  Of  «-•— a?-'+4a:-^— 8  and  «-•+«"*+ 4a?-> +8. 

14.  Of  aj-«— a?-V^+^"^y~'— y"*  and  a;"'+y^ 

15.  Of  — 3ar-»+2a;-*y-^  by  — 2a:-«— 3ar-*y"^ 

16.  Of  6j;»y-»— 7ary-»+4ar-»y-'— 3a;-»y+«"*y*  ^7  3^y—x\f. 

III. 

Determine  the  following  quotientSi  and  verify  their  correctness : — 

1.  «*+l0a:»+35a:*+50a:+24  by  ar+4. 

2.  x*+ar»— 4a:*+5ar— 3  by  a:'+2a?— 3. 

3.  25&r*+16x«y«+2/*  by  16a:"+4ay+y». 

4.  «»— 32^  by  a— 2ft. 

6.  «*— a^^y+ar'y*- a:*y*+ity*— y®  by  a:*— y*. 

6.  21aj*— 2a?*— 70a:*— 23a:»+33a:+27  by  7a:*+4a?— 9. 

7.  50a:»y»— 6y»+25a:y«— 45a:»y»— 41a:V+20a:»by5a:y»— 3y»— 4a:*y+5a:". 

8.  21a:»y*+25a:»y»+68;ry*— 40y»— 56a:*—  i8arV by 5y»— 8a:»— 6a:y. 

9.  40fl6*+49«»ft«— 65a«ft»— 25«*6+6a»— 25ft»  by  5aft*+3tf»— 8a«ft— 5ft». 

10.  a:»+3a:»+9  by  a:+2. 

11.  «•— 2a;»— 5a:*+20a:»— 25a:'+14ar— 3  by  a:»+2a:— 3, 

12.  9?^7^f—!i^i/^'\-:j?  by  T^—n^y—xf^Ary^ 

13.  a:»+a:-*+l  by  a:+a:->+l. 

14.  ii'a:-*— J-V— 26-»— 3»  by  <M:-'+6-*a?+ft. 

15.  2«»y-»— 5a:*y-»+7a:»y-«— 5a:«+2ay  by  a^y'^-^s^y'^-^xyK 

IV. 

Find  the  quotients  arising  from  the  division  of : — 

1.  i^— Sa'ft+Sflft*— ft»  by  tf— 6. 

2.  a:»+(4«6— J«>c— (a— 25)(a«+3J*)  by  a:— a+2}. 

3.  (*+y)'+3ay(l— a:— y)— lbya:+y— 1. 

4.  a»+6»+<?»— 3aftc  by  a+6+c. 

5.  a:*— (tf*— 6— <j)a:*— (5— tf)<M:+6tf  by  a^—ax+e. 

6.  («^— l)aJ»— (a»+a*— 2)a:»+(4<i«+3«+2)a:— 3(a+l) 
ty  (tf— !>:•-(«— l)a;+3. 

7.  («r+6y)«+(«y-6a:)«+c»a:»+c»y«  by  a:»+y*. 

8.  a^a^—a^i/^+H^—hV  by  aa:+6y+ay+fta?. 
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9,  ar*+y^— 2^+2«'y«— 2a»— 1  by  «»+y*— «»--l. 

10.  S{a*+h*)^Sah{a^+h^)+Ua*b*  by  3a«— 2«6+5«. 

11.  (12i*— 293(?+16c»y+(23i*— 31>*(?— 95c»+15c»)a;«+(106*— 6W>r 
by  (35-.5c)a?+2R 

12.  a«+5«-a*(tf»+3»){a5-5(a«-5«)}  by  «'-*«. 

13.  (fl-5>c»— (a:-5K+(a?-a)*»  by  M:-^^+a«-5«. 

14.  (a»+3tf«a?+9<M;»+27«»)  x  («^-3a»x+9<M^-27a;») 
by  tf*-  18aV+81a?*. 

16.  (a;>  -  <i^)  J+(«2  -  a«)<w?+ (a?  -  a)tf»  by  (a+b){x  -  a) . 
16.  ary»+iBya'— a:'y-a^+«*«-«s?+2yH5-2y2'by  y+«-«. 
•     17.  a?y*+24?y2'+y*8+y2'-2ary*«-a»'— yV  by«y— a»+ys. 

18.  (yx-a)»-((»-y»)(ai-5«)  by  (Jc- l)(ys-a)-(a-*y)(y-«). 

19.  («P+*y)»+(<M?-fty)»+(^iC-«y)'+(«y+*«)' 
by  (a+J)V-3«*(«»-y*). 

V. 

1.  From  the  expression  (a+h){a'—b)^a^^h^,  find  the  difference 
of  the  squares  of  79  and  81,  and  of  118^  and  121f . 

2.  '<  To  multiply  two  unequal  numbers.    Take  the  sum  of  the  two 
numbers  and  multiply  half  of  it  into  itself.    From  this  product 
subtract  the  square  of  half  the  difference  of  the  two  numbers " 
{EholoMt-al'JIisab).    Qiye  the  Algebraic  formula  which  expresses  this« 
rule,  and  state  it  in  words  at  length  in  the  simplest  form. 

3.  Subtract  the  product  («— 7)x(«— 1)  fifom  (a?— 2)  x  (a?— 3),  and 
add  to  the  result  («— 1)  x  (a?— 2). 

4.  What  value  of  x  will  makethe  difference  between  («'hl)(«+2) 
and  (4?— 1)(«— 2)  equal  to  54  ? 

5.  Write  the  Algebraical  expressions  for  the  square  of  the  sum  of 
the  cubes  of  a  and  h,  and  the  cube  of  the  sum  of  their  squares,  and 
find  their  product. 

6.  Determine  by  inspection  the  common  factor  in  each  of  the  terma 
of  the  expression  («"+fl^)'— 2<m:(«*— a^)'+<i\:r+a)'. 

7.  Mtdtiply  3+-01a;  by  l^x,  and  shew  that  the  value  of  the  pro- 
duct is  '0009  when  x^-l. 

8.  Divide  2091«»+«-22a^+3-694a?— 1-2  by  102a?+4. 

9.  Jl  a,h,k  be  positive  integers,  ascertain  whether  (^a+ky^{h+k)'^ 
is  divisible  by  a— 5. 

10.  What  number  must  be  added  to  the  expression  2:'+^~4(:r+d) 
that  it  may  be  divisible  by  «— 6  without  remainder  ? 

11.  If   the  dividend  be  4a«3*+2(3rf»— 2J*)— tf*(5tf«— 11J«)    and  the 
quotient  be  2(a-|-i)a+(a'— ^),  what  is  the  divisor? 

12.  Write  at  length  the  forms  of  the  four  products  (mx±a)(nx±h\ 
and  exemplify  the  use  of  them. 

13.  Shew  that  (1)  aai^+ha^+ex+d  is  divisible  by  «*+i*,  if  ad^ac, 

(2)  a^+hx*+o  by  «»+5',  itae^l^. 

(3)  a*^6qx+4r  by  {x—ey,  if  j^^r*. 
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14.  Multiply  a+x,  b+ff,  o+z  together,  and  deduce  (ar+y)'  from  the 
result. 

VI. 

1.  Find  the  continued  product  of  x+\,  x+2,  S—x,  4— a?. 

2.  Find  what  ic'+4^— 3«'+2  becomes  when  x  is  changed  into 
^+dy  £^d  when  x  is  changed  into  x-^l, 

3.  Multiply  x+a,  x+b,  x+e,  x+d  together,  and  deduce  from  the 
product  the  coefficient  of  a;  in  the  product  (x+2){x+6){x+l0){x+14), 

4.  Multiply  «»+(a?-y)»-y»  by  ««-(a;+y)»+y». 

5.  Show  that  the  difference  between  {x^+2x+S){Sx=^+2x+iy 
and  {a^~'2x+S){3a^-'2x+l)  is  the  same  as  the  difference  between 
{x^+4z+iy  and  (««— 4a?+l)*. 

6.  Shew  that  (3a:»— 4:c+2)«— (2««+9a?+3)*  is  divisible  by  x^+x+l 
without  performing  the  operation  of  division. 

7.  By  what  Algebraical  expression  must  0^+^  be  multiplied  so 
that  the  product  may  be  «'+a?*y+«*y'+«'y'+a;y*+y*? 

8.  Multiply  «*— 9«'y+23a7'— ISy"  by  a:— 7y  and  divide  the  quotient, 
by  «*— 8j^+7y'. 

9.  Write  the  coefficients  of  a^  and  of  x°  in  the  product  of 
34?*— 52:*+7««— 9a?+ll  and  a^+6a?*+12a;»— 12a;»-6a?+l. 

10.  The  product  of  two  factors  is  (2a;+3y)'+(2y+3;s)'  and  one  of 
them  is  2x+6ff+Sz;  find  the  other. 

vn. 

Form  the  products  of  the  following  sets  of  factors  without  per- 
forming the  process  of  multiplication. 

1.  a+b+casii  a+b^e;  «— J+c  and  i+c— a ;  a-\rb+e  anda+c— i; 
a+b+c  and  ^+c— a;  a+b-^c  and  a  +r— 6;  a+b-^e  and  b+e—a. 

2.  a+b+e+d  sjid  a+b+e—d;  a+b+d-^e  fmda+d^b+e; 
a+b—c-^d  and  a^b+e-^d ;  a^b+c—d  and  a+b+e+d; 
b+c+d-'-a  and  «+rf— 5— c;  a+b—e^d  and  b-^a+c^d. 

3.  a^+ab+b^  and  a^^ab+b\ 

4.  1 — axy  l-^bx,  and  l^ex. 

yul. 

Besolve  the  following  expressions  into  their  simple  and  quadratic 
factors: — 

1.  (a«+2a)— (c*— 2(^). 

2.  a^b+oy+b^a+ey+cia—by. 

3.  ab(a+b)+bc(b+c)+ca{a+c)+2abe. 

4.  a»— *•— o»+<P— 2(ad:+50- 

6.  4(«3+c(0'— («'+**— ^-^)'- 

6.  («— 5)V+10(a:— 5)a:+24. 

7.  4(ai-}<?)«-(a*+(P-y-(?«)«. 
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8.  ai^+ha*+(^x+o^h. 

9.  {z—af'-c^. 

10.  (l+y)»-2(l+y)V+(l+y)V. 

11.  (a+lK— (a+J)(a?-y>y— (J— ly. 

12.  (fl*(?+J(?(?+ca<?+aJ(f)«— (a+5+(J+(?)*tfM. 

IX. 

Ferfonn  the  following  diyisions  of — 

1.  («+J)(fl+c)— (e?+3)(ii+<?)bya— <?. 

2.  a»(<?— J)+ftV— (?)  +  ^(*— «)by«— ft. 

4.  fl«(ft+tf)— JV+c)+c'(a+J)+aft<?  by  a— ft+<?. 

5.  a8-J8+a»j«(tf«-54)  by  (a«-(»ft+J»)(fl'+aft+ft»). 

6.  fl?+5»+<?*— 3tffttf  by  a+6+<?. 

9.  a«(5+(;)  + JV— <')  +  W«'"^)+^^^  ^7  «+ft  +  c. 

10.  (5-i?)a»+(c— «)&'+(«— ft)^  by  (fl— f)(ft— c). 

11.  tf«(ft»-c«)+5V'-«')+c'(«'-*')  and  (a-J)»+(6-c)»+(c-a)» 
by  (a— 6)(ft— c)(tf— a). 

12.  a\ft+c-a)5+JV+«-*)'+^(«+*-0'  ty  (a-ft)'-2(«+ft)(?+A 

X. 

Verify  the  truth  of  the  following  equivalent  expressions : — 

3.  (a»+ft*)(<J»+^)  =  {ae+hd)^+[ad—hef  =  (tfc-M)*+(a<^+5<?)*. 

6.  (a«+ft»)(^+iP)(^+y') 
=  {(«<?— 6<?>:+(arf+J(j)y}*+  {(<w- W)y— (a<?+ J<?>}». 

9.  «»(«-c)+ J»(cf-a)+(J»(»-6)  =  («-5)(J-c)(«?-a)(«+6+<?). 

10.  tf\ft-(?)+6V-»)+^(«-^) 

11.  «f^(ft-(;)+6»(c-fl)+c»(a-ft) 

12.  (fl+5)»-(a»+ft»)  =  3tfJ(tf+ft). 

(a+jy-(a'+y)  =  7a6(tf +ft)(«^+aft+ftO'- 

13.  (a+ft+0'-(«^+*'+<^)  =  3(a+ft)(ft+o)(tf+«). 
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Bedace  to  their  Bimplest  forms — 

1.  (a+h){h+e)^{e+a){d+a)^{a+e){h'^d). 

6.  (fl»—i<;)(a—tf)+(5«—ao)(tf— «)+((?•— ai)(a— 5). 

7.  (a-  25)(a + 2b)  +  (2^ -  3tf)(2i+ 3<?)  +  (3tf  -  rf)(3tf + d). 

8.  (a+*+<»)(a+J+il)+(a+<?+rf)(5+tf+flO-(a+J+<?+<i)*. 

9.  (a3+fli)((?»+i^)+<i(a«+i«-c*-<i«). 

10.  {(ao+bdy+{ad-bey}.{{ae'^bd)*^{ad'{'bey}. 

11.  4{(a«-d«)«f+(o»-c?)«a}«+{(tf»-ft»)(c»-c?)-.4ai«f}«. 

12.  («?-i«+o*-rf«)«+2{(tfi-w^)«+(*tf +fl<^)'-(<w- M/}. 

13.  (a+*)»+(*+^)«+(tf+cO*+(<3^+«)'+(«+0*+(*+^)*. 

14.  (a-3)»+(a+*)»+3{(a-i)V+i)+(«+J)V-*)}. 

15.  a{b+ey+b{a+ey+c{a+by'-c'{a+b)'^b^(a+e)'^a\b+c). 

16.  (a+3+<?)«— («+3— tf)»-(a+c-i)«-.(5+<>— «)»• 

17.  (a+3+tf+d)*-(tf*+3*+(r*+(^) 

18.  (W+aV)(i- c)(a- rf)  +  (<^a*+6V)(c- a)(*- rf) 
+(a«i»+<J<P)(a-i)((,-rf). 

XXL 

Verify  the  following  ezpreseioiiB : — 

1 .  30ad  -  (9a  -  Sb){5a+2b)  -  (4&  -  Sa){  1 50+43) »  4a3. 

2.  (ii3+<w+5<?)«-(aV+aV+ W)  =  2(fl+ J+r)«*tf. 

8.  a(b+e)(b^+i^^  a*)+3(tf +a)(tf*+a«-  5«) + r(a+5)(a« + 5«-  o«) 
s2ai<a+5+0). 

4.  (ii+J+c)*-(tf+J)*-(5+0*-(«+«)*+<**+^+<^ 

—  120d<0+i+<^). 

6.  <i>(5+r-a)«+y(<?+«-S)«+<j'(a+*-«)*+«3<«'+**+«0  + 
(«H  ** + «■— ^  -  ew  -  ai)(5 + tf  -  a)(<? + a  -  J)(tf + J  -  <?)  -  2aa<?(a<J + <?« +«*)- 

6.  {a+b'^2ey+(b+e^2ay+(e+a—2by 
.  8(a+i— 2r)(J+tf — 24i)(tf+<^— 2*). 

7.  2(fl+J+<^)»-(0+5)«-  (5+(?)»-(c+fl)»+8fl«tf 

-  3(ai+3<?+ A^Xa+&+6). 

8.  B(a+b+ey-'{a+by^{b+ey--{e+ay 
»  8(2«+>+0)(a+2>+O(a+i+20). 
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10.  (a-*)»+(i-tf)»+(tf— «)•=  3(tf— *)(J-c)(<?— a). 

11.  {{a^hy+{h--ey+{o^ayy^2{{a--hy+{h^ey+{e^aY}. 

12.  {(tf-i)«+(J-(j)«+(tf-a)«}«-54(a-3)«(i-(?)*(tf-a)> 
«  2{a+h^2ey(h+e^2ayle+a'^2hy. 

13.  (a-5)*+(a-.c)*+(tf-.«)*  =  2{(a-J)V-tf)'+(«— *)•(>— 0* 

17.  tf*(5+tf)*+3*(a+<^)*+<^(«+i)*  -  2V<^{a+by{a+ey 
+2c^a\b+ey{b+ay+2a^b^{a+ey{e+by-iea*b^e\bc+ae+ah).' 

^2{ab'^be+eay. 

xm. 

Shew  the  identity  in  valne  of  the  following  sets  of  expressions : — 

1.  (a— a)«+(c— a)(c— *),  (J-.<?V+(a— a)(tf— c)  and 

2.  (a+i)«+(*+^)«+(^+a)*-(a«+a«+0, 
3(««+5«+o*)-{(a-*)«+(^-.0'+(^-«)')t 

3.  <w(a— <?)+«*(*— fl)+M<?— 3),    a\*— (?)+J«(<^— a)+c*(tf— 8),    and 
(a-i)(5-(,)(<,-a). 

4.  la+b+e){ab+ae+bc)^ab€,  and  (a+i)(3+0)(^+a). 

5.  a(i—tf)»+i((T— «)»+<«— a)»,  and  (a— i)(i— <^)(<?— a)(tf+3+c). 

6.  a(J+tf)«+3(<>+a)«+c(a+J)«— (a+i)(*+(^)(<?+fl),  and 
a{b+e-^ay+b{e+a^by+e(a+b^ey+{a+b^c){b+c^aXc+4t^b). 

7.  J{(a+J—(^)(a+i)+((j+a— 5)(a+c)+(a+tf-a)(5+c)}. 
i{(«+3+«)'+(«+3— <?)•+(«+<'— *)'+(3+^—«)'}»  and 

'^{a+e^b){b+o—a). 

8.  {a(a—J)+3(a— «)+<?((?— a)}(a+a+(>),  and 
j{(a+J)«+(J+(,)«+((j+a)»-.3(a+8)(5+c)(tf+«). 

9.  {a*+b^+(^y+2{be+ae+ahy^3{a^+b*+c'){be+ae+aby, 
(a«-itf)»+(*>-a<?)«+(o»-fl3)»-3(a»-Jtf)(3*-fl<?)(c»-«i).  and 
(<^+2fc?)»+(a»+2«?y+(c»+2a*)»— 3(a«+2*<?)(4«+2«j)(<j*+2iia). 

10.  \a+b+e){a+b^e){a+e^b){b+e^a),  4fl«8*—{c>— («•+*«)}», 

4(a*i«+aV+W)-(a'+*«+<jVi(«'+*7-(«'-3V--(«'+*'-<^)*- 
and  2«^a*+2fl^i^+2W-a*-a*-i?». 


/ 
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XIY. 
Teiify  the  following  equivalent  expressions : — 

1.  (l+*)«(l+y»)-(l+^)(l+y)*-2(^-y)(l-^). 

2.  (ip+3y)»+(3a?+2y)»  =  6(a?+y)(7i:«+llay+7y«). 
-(«-*)(*-<>)(<?- a). 

5.  (xy — fl^)* + {ay — ^a;)(aa; — <jy )  =  («» -  «')(ai  -  y*) + ( J<J  -  a*)(icy — a'). 

6.  (a+J+<?)(a?+y+«)  +  («+^-<')(«+y-»)+(*+<^-a)(y+«-a?) 
+(«+«- J)(«+a:—y)="4(<M?+iy+«). 

7.  («+y+«-«yi)'+(«y+y«+«j?-l)*«  (l +«)'(! +y*)(l+«'). 

8.  <y+«)«+y(a?+«)'+<«+y)'-4icy»= (y+«)(«+«)(*+y). 

9.  (l+«)»(l+y«)«-{(l-«)(l-y»)+2xy»}« 
— 4(«+y — «y)(«yi*+«yi^+«) . 

10.  («yi+«v— y'»+»*^)'+('^«+*y*+y**-"«**)' 

=  («»+y»)(y«+a^)(8«+a^). 

11.  («»-l)(y«-l)(««-l)+(«+ya)(y+«»)(«+^y) 

=  (arys+l)(«»+y«+a»+2ays— 1). 

12.  (y«-w)(a^-^)+(8'-«y)(a:*-ya)+(a:*-y«)(y*-2«) 

— (««-.y8)«-(y»-2ar)*-.(««-«y)«  =  (a>+y+z)(8ajy8-^-y»-s»). 

13.  («»+y')(i^'+^)(y-«)+(«'+y«)(^+y»)(«-^) 

14.  (y-«)»+(«-a;)'+(«-y)» 
=  5(y— «)(«—«)(«— y){«*+y*+«'—ys—M?—a?y}. 

16.  (y-«y+(« -  «)*+(«-y)*  =  3(y- !)«(*- «)«(« - y)« 
+2(«*+y«+i«  -  «y  -  y«  -«»)«. 

XV. 

1.  If  ^  =  ar+^,  and  B^lx-^ay,  shew  that 

2.  K  A  =  a*--he,  JB^h^^ae,    C=(^^ah;   prove  that 
8.  If  a*+5*+<^=^,  db+ao+he^B',  shew  that 

4.  Given  <f+6+<?+(i[=^,  a+*— «— i=^,  a— J+tf— i-  C, 

ehew  that^5(^«+^)  =  CD(C^+D^\  if  «6(a«+>»)  -  ci(c»+<?). 

5.  If  a+3+<;+<;»0,u^»&Mf,  ^»<;(20,  (7=:(fa»,  D^ahe;  then  shall 

6.  If   fc-(l»  =  ^,    ca--^^B,   ab—p^C,  ef^ad^D,  fi-^he^S, 
ds^^^F\  then  shall 

A1J^+BE*+  CF*  -  AB0^2J)FF''(Aa+eF+fF)\ 

7.  If  X«ar+5y+»i   F-«ir+iy+«B,  and  2^=  54:+<iy+«,  prove 
that  (<^+8»+c"— 3a*<?)(««+y»+«*-.3ajy»)  =  X»+  T »+^»— SXFZ 
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8.  If  X^ax+ey+h,  F—ftp+iy+OB,  Z^hx+ay+cs; 
shew  that  X^+T^+Z^-^TZ-ZX-XT 
e(a'+^*+^— i<?— ac— ai)(«*+y'+«'— y»— r^— xy). 

9.  If  the  six  equivalents,  a^zX,  h^yT,  e=zZ,  2A^yZ-\'%T^ 
tiB'^^zX+xZ,  2C=^xT+yX,  be  simultaneously  true,  then  shall 
cA*+hB*+e(P=^  2ABC+abo. 

XYI. 

If  2# = a+h+e,  2<r*  -  a»+J*+<j*,  and  2^  =  a^+y +o» ;  shew  tho  truth 
of  the  following  equivalents : — 

4.  (i+o>(*— «)+«(«— *)(«—£?)— 2*<?5 
«=  (<?+«)*(«— i)+J(*— «)(«—»)— 2«w 

=  («+3>(»—<^)+<«— «)(<—*)— 2a5». 

5.  «(«—3)(<— <?)+«(«— tf)(«— <»)+«(«— a)(»— 5) 

8.  («-a)(«-6)+(«— J)(«— r)+(«-<?)(«-a)  =  »•— ff«. 

xvn. 

1.  If  hz^cy^p,  ex-^az^q,  ay-^hx^r;  then  ap+hq+cr==0. 

2.  If  a»y+s^2a;,  3»«+«— 2y,  tf-«+y— 2«;  find  the  value  of 
l*+^+2he—a^  in  terms  of  «,  y,  s. 

3.  If  ar  =  — p+2j'+2r,  3y«2p— 5r+2r,  3«-2|p+2j— r;  shew  that 
4;'+y'+s*«/)*+^+r",  anda?y+y>+^=^+pr+S'r. 

«hew  that  p(j'+iW'+p«)+?(^+ j'*+''*)  =•  4(db+ae+ad+he+hd+ed), 

6.  If  («-yy  =  ^,  (y-«)a^-fl^,  («-«)y«  =  5», 

(x— y)(y— s)(«— a?)  -  3«*<?,  then  shall  «^+^+^— 8aic=»0. 

6.  If  2aBd?+s,  25  =  s+«y  2«  =  2+yi  ^^^  the  value  of  the  expres- 
sion tf*+5*+^— 2W— 2<5*a'— 2a^y  in  terms  of  x,  y,  z,  and  express 
(x+y+z){xy+xz+yz)^xyz  in  the  form  of  factors  involving  0,  i,  e. 

unequal,  then  each  expression  is  equal  to  2xyz, 

8.  If  a*By+s,  5*-ia?+s,  «^«y+a?,  and  2«  =  a+i+<j,  shew  that 
<«-a)(«-J)(«-c)  =  4(«y+«i+ys). 

9.  Shew  that  {a+h+e-'d){a+h+d^e)(a+c+d^h){h+e+d'-a) 
.  16(#—a)(«—6)(«— (?)(#— d)  ;  if  2#  =  a+h+c+d. 

10.  If  a+a+«-3*,  shew  that  (#—«)«+(«— J)*+(#—«)« 
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11.  If  x+f^p  and  ay -J,  find  a?'+y',  «*+y*,  «*+y*,  &o.,  in  tesmi 
of  p  and  q. 

12.  If  <i^+*»  =  <^,  tiie  product  (<H-»+«)(«+*—<>)(«+^— *)(*+«— «) 
is  equivalent  to  4a'6'. 

13.  If  a^—y%»a,  y*— «i  =  S,  and*'— ay-^;  then  ahall 
'«*+y*+«*— 3^  =  cKT+dy+tfs. 

xvin. 

1.  If  «(l+y)=  1  and  y(l+«)  =i,  then  ^%^l+x+2x^+ia*+  .... 
5.  If  ay+&raa,  hy^ax  =  h,  then  d^'+y  -1. 
8.  If  a^  =  »(«+y — «)•,  then  shall  (a?— «)«-y8. 

4.  If  ar+y +«— «y3  =  2,  then  shaU  (1— *)«=(1— ay)(l— a»). 

5.  If  J(fti^+flV)  =  <»(<»y*+Wi)>  tlioii  B^all  Jj?+fly  =  ff*,  and  ay^hx. 

6.  If  (a+J— <^— (i)a?  =  «^— oft,  then  {a+x){}+x)  =  {e+»)[d+x). 

7.  If  iw+6y  =  l,  thentf*(a:*+y«)+(«»+J«)a!y+(a— JX«— y)=:l. 

8.  If  (<^— fc?>c+(**— «i)y+(c*— a^)«=-0    and    ic+y+«  =  0,    prove 
tiiat  iM?+3y+cs  »  0. 

9.  If  («i+*(r)«(l-.««) -(*+«?)«(  1-^),  thentf'+3«+c«+2aa<?=l. 

10.  If  «»+y»-s«,  prove  that  («»+«»)y+(««— y«)V  =  (y»+«»)V. 

11.  If  «+*+<?  =  0,  then  6(«»+y+^)  =  6(a^+i«+<?»)(a*+&«+<?»), 
4(flr+y+e5?)-7(«*+J*+<^)a*tf,  and  (a^+6»+c»)»  =  27«»ft»tf». 

12.  If«c»+6«y— (j»  =  0,  ay»+6*a?— <j»-Oanda:+y— <?  =  0,  thenJ«-<w. 
18.  If  (2«— 3y)y  =  («—«)«  and  (2a— 38)«  =  («— y)',  then  shall 

x+y+s  =  a  and  (2a— Sar)*  =  (y— «)*. 

14.  If  4+^+^  =  0,and  a  (iy+«— cw?)  =  ^(^s+ad?— fty)  =  e{ax'\-hy—cz\ 
then  will  ar-f  y-f  s  =  0. 

16.  If  (5y-«r)«  =  ( J»-fl<>)(y«-«),  then  shall 

16.  If  0+S+(7+<;»O,  then  shall  a«+&«+c*+^^+4a6<?i 

«  2{(a^-«^«+(<w-*«0*+(«^+*0'}- 

17.  If  (yB— «)'+(«?— y)»+«y— 2)*  =  (y«—a?)(sfcr—y)(a:y—«)+ 4,  then 

«*+y'+«^=«^+4  5  and  conversely. 


1.  If  a  be  greater  than  S,  a*— ^"  is  greater  than  nb*'\a^h)  but  less 
ihan  ««•"*(«— 3). 

2.  Write  the  jpth  term  of  the  quotient  of  cT'^lr^  when  divided 
by  «^— 4*. 

3.  Shew  that  <f* — a*  is  divisible  by  a+li  when  «i — n  is  even ;  a'+a* 
is  divisible  by  a+1  when  m— n  is  odd;  and  that  o^— a"  is  divisible  by 
41 — 1  when  m— n  is  even  or  odd. 

4.  Ptove  that  a""— 1  is  always  divisible  by  rf'— 1  and  by  af»— 1 ; 
and  write  the  middle  terms  of  the  quotients  when  m  is  odd,  and  when 
jiis  even. 

5.  Determine  the  number  of  factors  by  which  af^^  1  is  dirisible. 
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when  m,  n,  p  are  each  odd  and  even  numbers ;  and  state  the  number 
of  terms  in  each  quotient. 

6.  Shew  that  2~-  l+(l+2)(l+2«)(l+2*)(l+2«)(l+2-«)(l+2«). 

7.  Shew  that  ir'—na"-'«+(»—l)a»  is  divisible  by  («—«)*,  without 
performing  the  operation ;  and  write  the  exact  quotient  of  ai^^5^x+^i^ 
divided  by  («—«)*. 

8.  Prove  that  («-»— J-»){(«--»-)(iir+»— »•+")  is  divisible 
by  (a-i)(a«-6«)(«»-3*). 


1.  Shew  by  means  of  division  if  a^+axy+if^+hx+cif  is  resolvable 
into  two  rational  fiEustors,  that  a^r= d'+^. 

2.  Write  the  ooeffioient  of  «*  in  the  product  of  «*— «*+«V— «^*+<**» 
a^+ax+a*  and  «■— «r+a'. 

3.  How  many  factors  of  the  form  x+a^  and  of  the  form  x^h,  ara 
contained  in  the  product  ^e*— lla^+33x>— ll^v*— 154d;+120f 

4.  Divide  a^+pa^+px-^-l  and  «*+^a?*+?^+y«*+P*+l  hy  x+l 
respectively^  employing  any  artifice  to  save  the  trouble  of  formal 
division. 

5.  What  is  the  criterion  by  which  it  is  known  that  an  Algebraical 
polynomial  with  integral  coefficients^  and  arranged  according  to 
descending  powers  of  a?,  is  divisible  (1)  by  x+l  and  (2)  by  ;r— 1  ? 
Shew  that  «*+&»*—«"—«•— 2  is  divisible  both  by  x+l  and  by  a?— 1, 
and  write  the  quotient. 

6.  Shew  that  «*— jtw'+ j»"— r»+«  is  exactly  divisible  by  «— «, 
if  n*— |io^+ j'a*— r«+#  =  0. 

7.  Divide  «"— jm?*+j'«*— ra^+w?— <  by  «— «  as  far  as  five  terms  of 
the  quotient,  and  prove  the  correctness  of  the  quotient  by  multiplying 
the  divisor  and  quotient  together  and  adding  the  remainder. 

Also  write  the  quotient  and  remainder,  (if  any) 
when  «»— 8a?*+12«»— iac*+20«— 30  is  divided  by  «—4. 

8.  Shew  when  a^+aiX+a^+a^+  •  •  .  .  +(^^9  can  be  divided 
by  1±«. 

9.  If  ^+PiX^^+p^i^+  ....  +Pn9  be  divisible  by  «— «,  with- 
out remainder,  shew  that  «"+Pi<^'+W»""^+  ....  +Pu  is  equal  to 
zero. 

10.  If  Ti,  Ti,  rs  .  •  •  .  r.  be  the  successive  remainders  when 
«"+Pi«*~*+/?^-«+  ....  +p.  is  divided  by  x+a,  n  times  in  succes- 
sion; then  shall  «»-|-ii,«*-*-l-i>,«'*-«+  ....  +/>. 

=  («+«)"+r.(«+a)-'+r^,(a;+tf)-«H-    .   .    .    +r,, 

Ex.  ««-h5««+6«*+6a:»+l  =  («»-|.2)*— 3(««+2)»+9(««-|.2)— 9. 

11.  If  there  be  a  series  of  factors  x+y,  x+y-^l,  a:+y— 2,  &c., 
and  if  the  second  fiictor  be  written  in  the  forms  (ar— l)+y  and 
x+(jjf^  I ),  then  the  product  of  the  first  two  fiictors  will  take  the  form  of 

x(a?-l)+2«y+y(y-l). 
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If  file  third  factor  be  written  in  the  forms  (a;— 2)+y,  (A;^l)+(y— 1), 
and  9+{jf-^2) ;  then  the  product  of  the  first  three  factors  takes  the 
Ibsm  of 

Generalise  this  properly. 

XXI. 

1.  If  a,  i,  tf  be  in  order  of  magnitude,  ascertain  when  db+ae+hc  is 
greater  or  less  than  each  of  the  quantities  a{a+h+e)f  h{a+b+e)  or 

2.  If  a+h+e  =  0  and  x+ff+%  -  0,  then  a%y+5*a»+tf*«y  will  always 
be  a  poflitiye  quantity. 

8..  It  a,b,  c  be  tluree  unequal  positiye  numbers  in  order  of  magni- 
tude, and  X,  ff,  %  other  three ;  it  is  impossible  that  (ty^hx,  h-^ey,  and 
cx^M  can  be  all  positive. 

4.  Shew  that  <^+V  is  greater  than  2db,  and  (a+by  than  4a6. 

5.  Is  tA+ae+be  greater  or  leas  than  a^+l^+a^  ? 

6.  Shew  that  («+ft-(>)«+(a+<>-6)«+(i+<>-a)*>  ab+ac+be. 

7.  U  a,  b,  c  and  a*b+al^+ahf+a^+b^e+b^^(^'-^--i^—2abe  be 
poeitiTe,  then  shall  b+e>a,  a+6>0  and  b+oa. 

8.  If  •>6,  then  (^+«»)*>2fla(«*-a6+5«). 

9.  If  a>i  and  3><^y  then  {a+b+e){ab+ae+be)>9abc 
and  {u+b){b+e){e+a)  >  Babe. 

10.  Shew  that  abo  is  greater  than  {a+b^e)(a+e--'b){o+b^a), 

11.  Shew  that  a*+^>i^i+a6' and  a^+^>a*S^+a^ft*;  andgenerally 
that  4r+»+ J^"  >  «-3»+tf"J*. 

12.  lBt^+<^+a*b^+b^  always  greater  than  (a'+^)'  ? 

18.  Shew  that  t^+V+^>Sabet  and  a«+i«+i^>  0^0(0+^+0). 

14.  Is  («»+y*)(a'+*')  >  (aa:+ W  ? 

16.  Which  is  the  greater  (x+a)\a^+b^)  or  («+»)•(«•+««)  ? 

16.  If  i^  =  a'4-5'y  y'  =  ^+^i  then  ;ry>ac+^  unless  a<^->i0; 
BSLdxy>ad+bc,  unless  ae^bd, 

17.  Shew  that  (a«+y+c»)(«*+y»+««)  is  greater  than  (*r+iy+«)«. 

18.  Shew  that  (:r+y4-s)>  >  274;ys. 

19.  Shew  that  (1)  («+y— i)«+(a?+i— y)>+(y+s-a:)«>««+y»+««. 

(2)  «»+y«+«»>i{««(y+i)+y«(a?+»)+««(«+y)}. 
(8)  (a:+y-«)»+(«+f-y)'+(y+8-.«)«>a;»+y»+i«. 

20.  Ilx,ff,%  be  real  quantities  in  order  of  magnitude,  then  shall 

(1)  a^(y— «)+y'(«— «)+«'(4?— y)  be  positive. 

(2)  (y— «){«-.«)+(s— a?)(s— y)+(ir— y)(y— «)  be  negative. 

(3)  «•(«— y)(«— »)+y*(y— s)(y— «)+i^(i— a?)(«— y)  be  positive. 


RESULTS,  HINTS,  ETC.,  FOB  THE  EXEBOISES 
ON  ADDITION  AND  SUBTRACTION. 

I. 

1.  See  Section  I.,  p.  12.     2.  Section  II.,  pp.  1,  4,  5.     8.  Section  II.,  p.  2,  fto. 

4.  Section  1.,  pp.  6-8.    5.  Section  II.,  p.  18.     6.  Section  II.,  p.  80,  Ac.    7.  Section 
I.,  pp.  7,  28.    Section  II.,  p.  22.    8.  Section  II.,  p.  28,  ftc.    Section  III.,  p.  8,  fta 

II. 

1.  See  Section  lY.,  Art  8,  p.  2  :  Art.  9,  p.  10  :  and  Art  7,  p.  6. 

2.  Two  nnmbers  are  equal  when  each  of  them  consists  of  the  same  number  of 
nnits.  When  geometrical  magnitudes  are  equal,  see  School  Euclid,  Kotes  on  the 
Axioms,  p.  48. 

3.  The  sum  is  +12a  ;  the  difference  +7a. 

4.  The  sum  is  —12a  ;  the  difference  —7a, 

5.  The  sum  is  +2a ;  the  difference  -\-7a, 

6.  The  sum  is  +2a ;  the  difference  +2flb 

8.  See  Section  lY.,  Art  9,  p.  17. 

9.  8.  10.  2{m+n-\-p). 

11.  2ma  the  sum  ;  2na  the  difference. 

12.  See  Section  lY.,  Art.  7,  p.  6. 

III. 

1.  8a+2&+«>  2.  -a+26-c  8.  o-c.  4.  — 2a+&  6,  «— c  6.  h+d.  7.  h—d, 
8.  a+5+c-il.    9.  6(a+6)-15(c-ci).     10.  -2(a+c-rf).     11.  96.     12.  10a-2c 

lY. 

1.  2AB.    2.  5a+6+136.     8.  2a-2b+y.    4.  (c+26-a)a;+26y. 

5.  26sB.    6.   {(a+6-c)aj+(6+c— a)y+(a+c-6)«}. 

Y. 

1.  Sx-y.  2.  -2(a8-y— s).  8.  — (a!+y+2).  4.  x—5y.  6.  58a;— 2y~42i;. 
8.  Sa;+7y+lls. 

YL 

1.  Here  a>  b  sad  6>e.*.a>c  Hence  a— c>0,  (— oO,  a-e>0.\a^e, 
h—e,  a— e  are  positive ;  and  c~a,  e~6,  i-aare  negative. 

2.  See  Section  lY.,  Art.  8.    8.  +(a-86+8c)  and  -  (86 -a- 8c). 

4.  The  sums  and  differences  are +0-0,  +a-f-6,  +a— 6,  -a+6,  —a— 6,  +6-6. 
6.  Theaggr^atesare, +a+6+c,  -a-6-«^  +a-6-c^  +6-a-c,  +c-a-6, 
a+6— c^  aH-c-6^  6-l-e-a. 

6.  If  SB^  y  denote  the  two  quantities,  the  quotient  is  :; ^ .. 

(«+y)(«-y) 

7.  x«+ 82s* -8202- 1024.    8.  The  aggregate  is  0. 
9.  (a«-a6-6«)j:+(a«+a6+6«)y+(6«-a6-a«)«, 

10.  (a,+a,+a,-a4)a5+(«,+a,  +  a^-a,)y+(a,+a,+a4-a,)i. 

11.  See  Section  lY.,  Art  8^  p.  2 ;  Art  9,  p.  9 
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VII. 

1.  The  mm  is  2(a+(+6)f  and  since  8a«5,  66*5, 12c»5;  ai*}*  &»(,  C"*A»  ^^^ 
▼slue  is  5f . 

2.  Apply  Axiom  1. 

8.  The  simplest  fonn  is  9a;~14,  and  the  least  integxil  Talue  of  x^  which  renders 
the  result  negative,  is  unity. 

4.  Som  7x+6y+^;  difference  is  -  2y  -  5s ;  sum  of  results  llx + 3y  +s,  and  the 
Talue  is  1410. 

5.  The  sum  is  6«+ 18y + fis ;  the  value  is  6'80<te. 

6.  The  sum  is  9(a;+y+s),  and  the  value  9*99. 
a.  The  values  are  '684192  and  -688808. 

•.  — «»+8aj«y+7a?y«+7y». 

10.  jw«-to+a)aj»+(r-6)aj*-(«+c)a?»+(<-«i)«'-{«+«)«» 

11.  See  Section  lY.,  Art  7,  p.  6.    Note. 


EE8TJLT8,  HINTS,  ETC.,  FOE  THE  EXEEOISES  ON 
MULTIPLIOATION  AND  DIVISION. 

L 

2.  See  Section  IV.,  Art  7,  p.  7. 

a  See  Section  IV.,  Art  8,  p.  4  ;  Art  6,  p.  6. 

4.  See  Section  lY.,  Art  9,  p.  9  ;  Art  10,  pp.  14,  18. 

^.  See  Section  lY.,  Art  12,  pp.  15,  16. 

6.  See  Section  lY.,  Art  14,  pp.  24,  26. 

7.  20abedxy:  -fnnabe:  -  60a*6«e'<i*  :  +96a*&*e*i'. 

8.  6ofo:  -ne:  6abU* :  -12a*&e«. 

9.  27o*+8aaj:  —  12a«6+24a6»  :   -ax*+a*x^^a*x: 

-  18a«5*c«  +  24a*5«c*  +  80a«6*c«  :  ma^x^yt  -  na*xy*z  +pa*xyz^ : 

-  a*x*y*z*  +  h*x*y^z*  -  c'aj«y»«*. 

10.  9ci+2x  :  4a+86  :  x*-ax-^a*  :  8a*-4a5— 56*  :  max—nay+paz  : 

11.  See  Section  lY.,  Art  12.,  pp.  17,  18. 

12.  See  Notes  on  Euclid  II.,  1-10,  of  the  Editor's  Edition  of  Euclid's  Elements. 
18.  See  Section  X.,  Art  18,  p.  20. 

IL 

The  following  sie  the  products  :— 

1.  4a;*  +  12a^+9y*  :  4aj*-9y«.:  4a:«-12ay+9y«. 

2.  «»+7«"+17aj+85:  6a!«-19«»y+29xy» -21y». 

8.  o*+a»aj«+x*.    4.  18a«-816*.    6.  a*4-46*. 

•6.  86flB«-49»*+19aj«-24a;+64.     7.  «•- 12a:* -676««- 8600, 
t.  ^•-5a«*  +  6a*«*  +  6a»a!«— 4a"a5'— 4a*aj. 

9.  248««-y».    10.  ««+«*+aj»+aj*+l. 

11.  a«  +  2a«  +  8a*+2a«+l.    12.    l-7iB+21««-85aj»  +  40x*-2la5»+7»«-«». 

15.  «-«+7ar-*-64.     14.  »-*-ir*.    15.  6aj-io  +  5aj-»y-»-6ar-»y-«. 

16.  6a:«y-*-12a5*y-«+ll««-7y'+4itrV-«~V. 
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IIL 

The  quotients  are— 

1.  JB»+6aj«  +  llaj+6.     2.  aj«-a;+l.    8.  Itx^-ixy+y. 

4.  a<+2a«6+4a«6«+8a6»  +  lW*.    6.  aj^-ay+y". 

6.  8»«-2««-&»-8.    7.  4a:«-6a?y+2y*. 

8.  7«»-8jB«y+4«y*-8y«.    9.  2a«-8o6+W». 

10.  «'  -  2sB^  +  4a;* — 5a;> + lOx— 20,  and  remainder  +  49. 

11.  a5*-4a5»+(te«-4»+l.     12.  x*+z*y-^xy*+yK 

18.  x-l+sF-K    14.  aar-»-6-J-«aB.     16.  2«»-8«y+2^«. 

IV. 

The  quotients  ar&-- 

1.  a«-2fl6+6».    2.  «»-(a-26)aj+(a«  +  86«).    8.  (a5+y)«  +  (a;+y)-8«y+l. 

4.  a«+6«+c'-a5-ac-6c     6.  a'+oac+ft.    6.  (a*+a+l)x-(a+l). 

7.  a«+3«+c«.    8.  (a-6)*-(a-%.    9.  a;«+y«+2«+l.    10.  a«-2aJ+8d«. 

11.  (46-8c)x«  +  (56«-8c«)«.    12.  a*-6a>6+6ad«-M.    18.  ««-(a+6)aj+a6. 
14.  a«— 9a!«.    15.  a5*+xa+a». 

3  6.  Arrange  the  dividend  in  ascending  powers  of  x,  making  (y +2)  *  as  the  divisor ; 
perform  the  division  and  verify  the  resolt.    The  quotient  is — 

2(y-«)y2+a<y« -«»)+a:«(y-s). 

17.  Proceed  as  in  the  kst  example. 

18.  a.    19.  2(a+&)iB. 

V. 

1.  81«  -  79«  -(81+79)(81  -  79) =160x2 -820. 
(121f)«  -  (118i)«  -(121J+J)(121|  -  118i)-122x8i-427. 

^  {i(<)^+^)}*—  {iC^"^)} * ^^'    ^^0  product  of  any  two  numbers  is  equal  to 
the  square  of  luklf  their  difference  subtracted  from  the  square  of  half  their  sum. 

8.  aj«+l.     4.  x-9. 

6.  (a»+*»)«(a«+6»)»-a"+3a»oJ«+2a»6»+8a»**+6a'6»+2a«6«+6a»6' 
+8a*6»+2a«J»+8a«6»<»+6»«. 

6.  («+o)«.    8.  2-06aj»+a;--8.    9.  (a«+a*+*«)+8i(a+ft)+8*«. 
10.    -218.     11.  2a«-8a*+46«. 

12.  {mx+a){fix+b)=^mnx^-\-{mb-^na)x+ab 
{mx  -  a){nx  -  h)  f^mnx^  -  {mb-^na)x-\'ab 
{7nx+a){nx'-b)mtmnx*  +  {nib  -  na)x—ab 
{mx  -  a)(iMB+*)  ■■  mnx^  —  (mJ  -  na}x  -  ab. 

As  an  example,  take  (3x±5}(5a;±8). 

18.  (1)  The  quotient  is  aa-^-b,  the  remainder  (tf-a5«)a4-(<i- J»),  of  which  each 
part  must  be  equal  to  zero  ;  or  c-ad*— 0,  and  ({-&*«- 0,  whence  d— 6*. 
and  e— c6*  and  ad^bc,  ' 

(2)  The  quotient  is  aa?'— o&c+J,  and  the  remainder  (aJ»  -5«)x+(c— 3*) ;  of 
which  each  part  must  vanish ;  or  06*  — 6*  ^0,  c— 6>  — 0,  whence  b*  —c^  and 
06^6*  "bO,  or  6'  =»ac. 
(8)  After  the   quotient   x*+2ca;'+8c'x+4c*    is    found,   the  remainder  is 
—  6(g'-c^)a;+4(r-e"),    which   must   be   equal  to  0,  and  consequently 

q  — c*  "0  and  r—c^  —O 

.•.c*  — g  and  c*  — r,  .  '.c'®  — g»  and  c*®  — r*  .  •.  g»  «r*. 
14.  In  the  product  make  such  substitutions  as  will  make  each  of  the  three  factors, 
identical  to  se-f  y* 
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VL 

1.  a5*-4a?»-Oa5«+18a5+18. 

2.  aj»+26ar»+264aj»+1307aj»+8475a;+3552, 
and  x«  -  5aj* + 14aj»  -  26sB« + 28aj- 6. 

8.  The  product  id  a?*+(a+6+c+<^*+(«*+ac+flKl+*c+W+aQ»« 
+ (ofe+oM + ooi + ^)sB + adet2. 

The  coefficient  of  x  in  the  required  product  is 

2.6.10+2.6.14  +  2.10.14  +  6.10.14=1408. 

4.  -4aj«y(aj— y). 

5.  The  differences  are  each  16go(x*  +  1). 

6.  By  aid  of  a«-6»-(a+6)(a-&)  j  the  dividend  is  equal  to 
5fec*+«+l)(ac»-18aj-l). 

7.  a;«+a?y+y".     8.  aj«-8ajy-15y». 

9.  The  coefficient  of  as*  is  +198,  and  of  a;'  is  +83. 
10.  4«*+8a5y+4y'»— 6a»+8yaj+9«*. 

This  niay  he  found  by  inspection  with  the  aid  of  the  quotient  (a*  +&*)-Ha+(). 

VII. 

The  products  under  1, 2,  8  may  be  inferred  from  the  form  {a + b){a  -&)»(»*-  5*. 

1.  a»  +  5«-c«+2a6;  c»-a«-6«  +  2ai;  a«+c«-6«+2ac;  6»+c«-a«+2Jc; 
a«-5^-c«  +  2ftc;  6«-a«-c«+2flk:. 

2.  a«+>«  +  c«-d«  +  2ad+2ac+26c;  a«+rf«-5« -c»  +  2<Ki+26c; 
«»+tf«-6«-c«-2ad+26c;  a«+c« -ft»-da  +  2ac-2W; 
4l«-a"-ft«-c«+2«*+2a<j-26c;  6*+d«-a»-c« -2W-2«;. 

5.  a*+a«6«  +  K    4.  l-(a+5+c)aj+(ad+ac+6(?)»«-a5a»». 

VIII. 

1.  (a-c)(a+c-2).    2.  (a-¥b){b+c){e+a).    8.  (a+J)(ft+c)(c+o). 
4.  (a+J+c-d)(a-ft-c-<i). 

6.  (a+6+c-rf)(a+6+d-c)(c+d+a-5)(c+d+ft-«). 

6.  (aJ+l)(aj-2)(x-3)(aj-4). 

7.  (a+ft+c+d)(a+d-.6-c)(J+(j-a-d)(6-c-a+d). 

8.  («+a)(a;+d)(a;«-aa;+a«).     9.  a;(aj-2a)(aj» -aaj+a»)(a:« -3aaj+8a«). 
10.  (l+y)«(l-a;)»(l+aj)^       11.   {(a+l)a;-(6-l)y}(««-ay+y«). 

12.  {abc+bed+cad+abdym.[ae{b+d)  +  bd(a+c)y 
— a»c«(6+d)«  +  2adcd(6+d)(a+c)  +  6arf«(a+c)a, 

and  {(&+rf)  +  (a+c)}«aftcd«aftcd(J+(Q«+2aicd(6+d)(a+c)+aftc<i(<»+c)«, 
.  •.(a&;+ 6a?+aid+aW)«  -  (a+ ft+(;+rf)«aficrf 

-ac(5+rf)M«c-W)-W{a+c)«(oc-W)==(ac-W){oc(ft+rf)>-W(a+(;)«l 
-(ac-M)(a6  -  <ri)(6c  -  <3ki). 

12. 

1.  (o+6)(a+c)-a«+(J+c)a+ftc 
(<«+6)(d+c)=sd«  +  (&+c)d+6c 

.-.  (a+&)(a+c)-(d+5)(d+c)-(a«-d«)  +  (6+c)(a-rf),  which  is  divisible  by  a  -  d. 

2.  The  dividend  can  be  arranged  thus:  (r(a«-J«)-aJ(a- J)-c«(a-J)  whichis 
obviously  divisible  by  a— &. 

8.  The  dividend  is  the  diflference  of  two  squares,  which  may  be  expTesaed  a* 
the  x#Toduct  of  the  sum  and  difference  of  the  quantities.    The  quotient  is 
(a-fty»+(d-c)y+(c-rt)«.  r^ 
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4.  By  adding  ate-  ate  to  the  dividend,  it  becomes  by  arrangement  of  the  tennft 
db(a-b-k-e)-\-ac{a-b+e)-k-be{a-b+e)  which  is  obTiondy  diviaible  by  a-ft+c 

5.  The  dividend  is  (a«  - b*){a*  +a>(*  +i^)  and  the  divisor  is  a«  +c*b*  +M. 

6.  The  quotient  is  a«  +  6»+c*- oft -oc-te. 

Deduce  from  this  quotient,  the  three  quotients  (1)  when  —a  is  written  for  +a, 
(2)  -  b  for  +6,  and  (8)  -  c  for  +6 :  and  shew  that  the  sum  of  the  four  quotients  ia 
4(a«  +  6»+c«). 

7.  The  dividend  when  reduced  is  2(a"  +  b*  +6* -Sate). 

8.  a*  +  6«+c«+d«-aJ-ac-arf-te-M-crf. 

9.  By  a  like  artifice  as  in  4,  it  is  shewn  the  quotient  is  ab~be+ac, 

10.  Ilie  quotient  is  (a — b){a + 6 + e). 

11.  The  first  dividend  involves  the  factor  b—e  which  is  common  to  the  divisor^ 
which  may  be  removed,  and  the  quotient  is  —{ab+ae+be). 

The  second  dividend,  when  the  terms  are  expanded,  will  be  found  to  contain  the 
same  factor  as  one  of  the  fiictors  of  the  divisor.  This  common  fiictor  being  removed, 
the  quotient  is  6{a»  -(d+c)a  +  (6«-te+c»)}. 

12.  -c»  +  (a+J)c«  +  (a«-4aA+&«)c-(a  +  *)(a-6)«. 


8.  See  Diophantus  III.  22. 

The  four  following  formulie  are  extensions  of  3  ^— 

XL 

1.  (6+a)(6+c)"-5"  +  (a+c)ft+ac 
{d+e){d+a)'md*  ■\-{a+e)d+aG 

.-.  (ft+a)(ft+c)-(rf+c)(<i+a)-(ft«-d*)  +  (a+c)(6-i0 
.•.(ft+a)(6  +  c)-(rf+c){(i+a)-(a+c)(6-d)«6«-rf«. 

2.  (a+&)>+2(a-5)(c-d)  +  (c+rf)«.     8.  (a+J+c+d)«  +  2(a«+d«+c«+d»), 
4.  4(a»H-ft«+c«+(i«).    5.  (a~6)».     6.  0.     7.  a«-d«. 

8.  Bracket  a+&  and  e+d,  so  as  to  make  each  fiactor  a  binomial    In  two  lines 
the  aggregate  is  shewn  to  he  ah -^ed. 

9.  (ac+W)(te+arf).     10.  (a*-6*)(c«-d*).     11.  («•+&«)».(<?• +<f«)«. 
12.  a*+6*+c*  +  4ated. 

18.  The  six  binomials  when  expanded  can  be  thus  exhibited^ 

8a»  +  8ad(a + &)  -  8a(a«  +  &• )  +  8a«  J 
86«  +  8te(6 + c)  -  3^(6«  +  c«)  +  36«c 
8c»  +  3«i(c+d)=8c(c«+rf«)  +  8«i« 
8d»  +  Zda{d + a) = Sd{d*  +  a«)  +  8rf»a 
8ac(a+c)  +  8M(&+e) 
Next  if  da'(a+c)  +  8&(;(&+c)  be  combined  with  8a^+8&ic+8edi+8(2^ 
they  become  Sa{c» +cfi)  +  8&(as + di)  +  Se{bi + oj)  +  8^6t + c*) 
which  when  added  to  8a{aS+6>)+8M5*+^)  +  8c(c*+(2')  +  8i((;i+aS) 
make  up  8(a+ J+c+d)(a*+5'+c'+<i")« 
14.  (2a)*.     16.  eote.     16.  24ate. 

17.  There  are  twelve  terms  in  this  expression  to  be  combined.     First  combine  the 
fifth  with  the  first  and  the  sixth  with  the  eighth,  and  then  the  two  resulti. 
Next  combine  the  third  and  the  seventh  and  the  fourth  and  the  twelfth. 
Thirdly,  reduce  the  results  from  the  first  and  fifth  and  sixth  and  eighth,  with  that 
of  the  ninth,  tenth,  and  eleventh.    Then  the  results  firom  the  third  and  seventh, 
fourth  and  twelfth,  and  the  second. 

These  results  being  one  set  podtiTe  and  the  other  B^tiye^  when  combined 
leave  the  remainder  24atei. 
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18.  (a-5)(a-c)(a-<{)(»-e)(5-<Q(e-<q. 

19.  This  reduction  can  be  effected  in  the  same  maaiMr  as  in  !& 
The  lesolt  ia  dOaM(a+i+c+(2). 

XIL 

The  yerificationa  of  the  ezpreaaiona  under  thia  number  may  be  readily  effected 
by  performing  the  indicated  operationa. 

XIII. 

The  ezercisea  under  this  number  will  occasion  no  difficulty.    The  identical 
ezpreaaiona  may  be  expanded  or  resolved  into  the  same  factors. 

9.  The  three  ezpreesiona  under  this  number  are  each  reducible  to 
a«  +  6* + c«  -  6(a*6c + Mac + c*ab)  +  2(a»6«  +  o»c«  +  b*e*)  +  9aVc". 

XIV. 

The  exerdsea  under  number  require  no  directions  further  than  to  employ  any 
methods  whereby  the  labour  of  reducing  the  expressions  may  be  lessened. 

XV. 

1.  Make  the  proposed  substitutions,  which  offer  no  difficulty. 

2.  Then^+J+(7-a^+ft»+<^— aft-oc-Jc 
•nd-B»-^(7-d(J»+c^+a^-8aic)-6<a+J+c)(a^+J»+c»-o6-flkJ-6c) 

.'.^^'^^'-(a+h+e){A+B'i-C),  sinularly  ^'"-^^and^"^-^  aw  equal  to  the 
b  a  0 

same  quantity ; 

therefore  ^L;i?-t^Ll^=5!:Z^-(«+J+c)(^+lf+0 
b  a  e 

and  (^--rf(7)ac-(^*--»C7)ftc-(C«--4-B)aJ=a*c(a+&+c)(-4 +-^+^0. 
8.  Here^»+aB»-8^J5«-(^--B)«M  +  2J) 

4.  In  order  that  AB{A*+JB^  may  be  equal  to  CD{Ch+I>^),  (a+6)*-(c+d)*  must 
be  equal  to  (a-b)*~{fi^d)\  whence  it  may  be  shewn  that  ai(a*+i*}-Qi(<^-f  cP). 

XVI. 
The  exercises  under  this  head  offer  no  difficulties. 

XVII. 

1.  Apply  axiom  1. 

2.  (3+c*+2te~a*«((+e)*-a*-*(&+c+a)(&+<;-a);  substitute  for  a,  (,  e, 
6.  By  adding  the  three  equalitiea,  {a!-y)(y-s)(f-aj)-"a«  +  6»+c» 

and  {x  -  y)(y  -  z){z  -  «)  -  8a6c.    Therefore  a»  +  6* + c»  -  Zabc — 0. 

6.  a*  +  6*  +  c*  -  26«c«  -  2aH*  -  2a*c*  -  -  {2a*6* + 25«c«  +  2o«c«  -  a*  -  6*  -  c*  } 

--(a+J+c)(a+6-c)(a+c-6)(6+c-a) 
And  2a+25+2c-2aB+2y+2«,  and  a+6+c-aj+y+«, 
alaoa+e-ft— y,  a+b^cm»,  b-^-e^a^x. 

Hence  the  expression  is  equal  to  -  (x+y+z)xyz  in  terms  of  s,  y,  s  ; 
and(«+y+2)(«y+a»+ys)-«y«-(aj+y)(aj+2)(y+«)-2a.  26.  2tf-8aic 

7.  From  the  equality  of  the  fint  and  second  terms,  -m^x^+asy+y*,  and  from 
the  equality  of  the  aecond  and  third,  -m—s*  +ys+y*. 

Hence  ««+iV+y*-y«+a?y+«*,  and  (»*-»*)+y(a-«)-0.-.aj+y+«-0. 
.•.y«+s»+m(y+s)=(y+s){y«-ys+s«+i»}-(y+2)(y*-y»+«*-s«-ifs-y«) 

-(y+s){-2y») 
—(-«)(- 2»*)  - +2«y* 
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Tke  MOW  rahm  wuj  be  iamad  hj  a  nukr  pwwMi  fiir  ffee  olWr  t«o 
U  «qr,  Jpe..  be  MdMtilaled  Ibr  fl^ap+y),  Ac.,  IB  liiii  cxcf^ 
kate  beeone  jr*+2«+flq(z«s*+r*'f-ai2r»x*+y*+aixy,  it  maj  be  ibevii  tibii 
M^-^r-f  y+2^  ead  ;t* +fr* +2;* +a9-f  JS'l-2y  «*0y  alio  that  each  manbcr  of  tihsK  eqfo*- 
UooM  if  equal  to  a^-  (a;+yXy+2K2+^)• 
8.  j(#''aM«'-&K«-«)-20*6*+26«£«'f2a«<;«-««-M-tf«.     Make  llie  aolirtitii- 
tkmM  fat  a*,  ft*,  €^. 
11,  af*+y»-j>*-2j,  «»+y»— l>»-a^a:♦+Jr♦»J»♦-4J?«g+2J«,• 
12.  JCultiplj  the  factora  and  then  make  the  aabetitatioii. 

13.  Mnltiplj  the  toA,  aeeondy  and  thiid  eqnalitiea  b^  2^  y,  2  respeetiTeljy  and 
add  the  rasoltB. 

XVIII. 

1— aj 
1.   -2« ,  which  when  the  diTision  ia  performed  will  aire  the  aedea. 

1-2K 

2«  Sqnare  each  ezpreaqon  and  take  their  aom. 

.•.(«-y){«'-2)*-y2(2-y);  .'-  ix-z)*^yz. 

4.  8incejB+y+«-ayr— 2,  .•.2*+a^+a»-«*ys>«2j:; 
.  • ,  -  2a? + ap*  ■■  -  ajy  -  a» + a;*y2, 
add  onitj  to  each,  .'.  1 -22j+a?*—l-a:y— a»+a:*ys. 

6.  Since  6(te*  +a*y)  =a(ay*  +ab*z),  then  6«x*  -  a*y*  —  o5«x  -a*2y, 
or  (te  -f  ay)(to  -  ay)  —  ab{bz  -  ay), 

•  * .  (fee  -  ay) l&i; + ay  -  od}  ■■  0 

.'.  Sx-oyaaO  and  bz'^ay 
alio  for+ay-od^O  and  hx+a/ywmab, 
d.  (a+J)aj-(c+d)aj—crf-a*;  and(a+6)a;+a6—(c+cOaj+crf,  add«*  to  each  of 
these  eqnals,  andx*  +  (a+&)a;+a&i-x*  +  (c+<Oa;+eiil 

7.  The  reqoirod  expression  may  be  thiu  arranged — 

ay(ajB  +  6y  - 1)  +  &j:(a» + ^  - 1 )  +  (oaj + *y  - 1)  — 0 
or(ay  +  te  +  l)(ajc+6y-l)-«0. 

8.  a!--(y+a),.'.  -(a*-6c)(y+2)  +  (6*-ca)y+(c«-a&)z-0 
and  (6*  -  ca  -  a*  +  6c)y — (a«  -  6c  -  c»  +  at)z 

or  (6 - a)(6+<*+c)y»(a - c)(a+c  +  6)2 .' .(J - a)y""(a -c)z  or  6y-ay»a»-c» 
.'.  iy+c5—a(y+2)— -aa?.'.  aa;+6y+(»B»0. 

9.  Expand,  and  remove  common  qnantitiea,  then  arrange  the  terms,  and  the 
expreaaion  is  diviaible  by  a'  -  6*. 

11.  Froma+(+£— 0,  maybefoand^(a«+&*+e*)—  -(a*+a6+&*), 
^(a»+6»  +  M)--aicandi{a«+6»+c»)=aic(a«+c6+ft*). 

12.  From  the  first  two  equations  a(z  +  y)«&*,  and  a;+yB>c,  .'.ac«&*. 

18.  Subtract  the  second  expreaaion  from  the  first  and  divide  the  difference  by 
y-z,  andihena»x+y+2. 

14.  From  the  fifRt  and  second  members  of  the  given  equality,  hy  -(a -6)2^00;, 
from  the  first  and  third,  «r  -  (a  -  c)y =ax,  and  from  the  second  and  third, 
cz~(h~e)x»hy\  these  will  give  fee— ay  and  fe^ey,  also  (ye$y; 

.•.  ft(a;+y+2)-(a+ft+c)y-0. 

15.  6«y«  - 2tey+c«a;«  -6*y«  -5'a- o(jy«  +ac«a«. 

Then  -  2bcxy-{-e*x^  —  -  b*cz  -  acy*+cu:*t*,  by  removing  6«y*. 
-  2tey +<»*—-  6«2  -  ay*  +  cuz*  dividing  by  e, 
'2aittsy+aex*»-b*az+a*y*+a^a,  multiplying  by  a. 
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. •.  h*x*  -  Sotay H-a*y*  mh^x*  - aex*  -  obH + a^cs,  adding  J««*, 

and  (to  -  ay)*  —  (6*  -  («;){«•  -  es), 
17.  Jftom.  the  giren  equality  nuiy  be  deduced, 

(as* + y*  +  ««)(aBy« + 1)  -  (ay*  +  IX^y* + 4). 

XIX. 
1.  a»-ft»-{a-J)((t^^+a'»-«6+a»-«ft«+  ....  +aJ»ft»-«+ai»-«+6»-i) 

but  a>  J,  .'.a*-' >  a"-*^  a*-» >«•-«&«,  &o. 
.  '.o^  -  J»  is  less  than  ««■"*(«  -  6). 

In  a  similar  way  a*  - &^  may  be  ^ewn  to  be  greater  than  nif^'^a-h), 

8.  Here  op  -  a'* «  a^ia'*-*  - 1)  euppoeing  m  >  ik 

And  a"~*  - 1  ia  divisible  by  a+ 1  when  m  -  n  is  even. 

Similarly  for  the  rest. 

5.  The  product  mnp  has  the  divisors  m,  n^p,  mn,  np,  mp,  and  in,  n,  ji  may  be 
in  each  case  odd  or  even  numbers. 

7.  a^  -  na»-'aj+ (»  -  l)a^«-  (a^  -  a**)  -  na'»-*(aj  -  a) 

— (a!-a){a^-i+a!"-*a+aj»-^+ -^a^'^^-naf'-'^j 

-(aj-a){(«»-»-a»-*)  +  (aB»->-a"-«)a+(*»-»-a«»-»)a>+ tofiterma}. 

The  quotient  is  a:>+2a^a+2»B'+8a>. 

8.  If  n  - 1  be  an  odd  number,  then  O^^  -  6*-'  is  divisible  by  a  -  J,  and  a»  -  6»  is 
divisible  both  by  a  -  &,  and  a+b;  and  it  is  to  be  shewn  that  a"+>  -  5"+^  is  divisible 
by  (a- J)(a?+a6+6"). 

XX. 

1.  It  is  obvious  that  bx-^cy  must  be  one  of  the  fiicton,  and  that  a;*  +a»y+y* 
must  be  divisible  by  &z;+cy.    After  performing  the  division  the  remainder  will  be 

/  1^1 — ifif  I  y«,  which  must  be  equal  to  zero,  in  order  that  the  division  may 

leave  no  remainder. 

8.  The  coefficient  of  a;^  is  8a«. 

8.  Four  &ctors  of  the  form  x+a  and  one  of  the  form  x-b.  See  Section  lY., 
Art  12,  pp.  19,  20,  and  the  note. 

4.  X*  +px^  +pz+lmm(x*  +  l)+px(x+l) ;  anda:"  +  l  is  always  divisible  by  a; +  1 
when  n  is  an  odd  number. 

5.  See  Section  lY.,  Art.  18,  p.  24. 

XXI. 

1.  The  first  expression  may  be  shewn  greater  or  less  than  the  second,  third,  and 
fourth  according  as  fte  is  greater  or  less  than  a*,  ac  than  b*,  and  db  than  e*, 

2.a— -(d+c),  y--(sB+«),  «"-(aj+y);  .'. a*yz - +(&+<?)* (a? +a)(a:+y)  and 
similarly,  for  b*xz  and  c^xy, 

8.  Suppose  each  of  the  three  expressions  to  be  positive  ;  then  the  sum  will  be 
positive,  and  the  terms  may  be  arranged  thus  :  {a  -  e)y  +  (c  -  b)x +(b-  a)s,  of  which 
two  of  the  terms  are  negative  and  one  positive.  But  if  the  terms  be  arranged  in 
this  order :  (y-z)a+(z^x)b+{x-y)et  two  of  the  terms  are  positive  and  one  nega- 
tive.   Hence  the  hypothesis  of  all  the  three  terms  being  positive  is  not  sustained. 

4.  If  a>&,  thena-5>0,  anda*-2a6+6«>0.*.aa  +  &*>2ad. 

Next  a*~2ab  +  b*>0,  add  4a6  to  these  unequals,  and  a*+2ah+b*>4ah  or 
{a-\-b)*>4ab. 

6.  o«+6«>2a*,  a«+c«>2ac,  6«+c«>2«c.-.2(a«+6«+c«)>2(a6+ac+6c)  or 
a*'^h*-¥c*>ab-i-ae-i-bc 
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6L  Hie  aggngitB  of  the  three  expreanons  on  tlie  left  is  equal  to 

8(a*  +  M  +  c*)  -  2(a5 + oe + 6c). 

7.  The  polynomial  axises  from  the  product  of  the  three  factors  , 
{a-\-h'-e){a+e-b){h+e-a),  and  is  a  positive  quantity  .'.a+&>e»  Ac. 

8.  SinceaX,  a*  +  (*>2a^and  a«  +  5*>(a«-a5+5*X 

. -.(a* +6«)«  >  2aJ(a« -a6+d«).; 

.',  (a«  +  6«}(6«+c*)(c«+a»)  >8a«6«c*,  for  a\  b*,  c«,  write  a,  b,  e, 

and  (a + ()(6 + e){e + a)  >  Sate. 

See  XIII.,  4.  (a+&+c}(a&+&e+ae)-ate-(a+&)(a+c)(a+e), 
and  (a + ()(6 + e){e + a)  may  be  shewn  greater  than  Sate, 
.\(a+b+e){ab+ae+bc)>9abe. 

10.  Leta>ftanda><^  then a-OO and a-ic;>0,  Ac.,  .*.(a-(}(a-c)>Oor 
a*-ac-ba-\-be>0,  and  .'.te>a6+a(-a*  or  te>a(c+5-a). 

Similarly  oc  >  6(a + 6 -()  and  a(  >  e(a + 6  -  e). 

Hence  a*ft*e*  >  ate(e + 5  -  aXa + e  -  5)(a +&  ~  c) 
aiid.'.ate>(e+&-a)(a+e-&)(a+(-c). 

This  result  illustrates  the  theorem  :    **  The  rectangular  parallelopiped  formed  by 
tiie  three  sides,  a,  6,  c  of  a  triangle  for  its  edges  is  greater  in  volume  than  that 
formed  by  the  three  differences  between  the  sum  of  every  two  sides  and  the  third 
aide." 
12.  Except  when  a  ■*&. 

14.  From  the  given  expression  (&b  -  ay)*  >  0 ;  if  Ikb  >  ay  then 
(«•  +  y«)(a«  +  ft»)  >  (ox + 6y)». 

15.  (»+a)*(x«  +6*)-(a:* ■\-a*){x*+b*)+2ax(z*  +6«), 

and  (aj+6)«(««+a«)-(aj*+J*){a5*+a»)+2te;(aj«+o«).    The  answer  depends  on 
whether  iax{x*  +  b*)  is  greater  or  less  than  2te<x* +a*).    If  x*  >  ab, 
then  («+a)«(««  +  6»)  is  greater  than  (aj+6)«(aj«  +a«). 

16.  «V-(»'  +  **){«*+<'*)-(««+W)*  +  (ai-te)%  butif  oi-te^ 
then  x*y*  ^{ac+ bd)*  and  xy  ^ctc + bd, 

17.  If  (a*  +  6*  +  6*)(aj*  +  y*  +  «•)  be  greater  than  (a«  -i-  6y  -i-  «)•, 

then  (ay>&a;)*  +  (az'es)*-f  (te-ey)*  is  greater  than  0,  but  the  squares  both  of 
positive  and  negative  quantities  are  positive,  therefore  each  of  these  squares  is 
positive,  and  consequently  the  first  expression  is  greater  than  the  second. 

IS.  (a  +  6  +  c)»-a»+6«+c«+8(a  +  &)(6  +  c)(<J+a);  first  shew  a»  +  6»+c»>8ate, 
next  8(a -h 5)(6  +  <^(e ■¥a)> 24dbe fiK>m  Ex.  9,  XXI. 

19.  (1)  (a:  +  y-2)«  +  («4s-y)«  +  (y+s-aj)"«S(a-*+y«+««)-2(ay  +  a3  +  yz), 
and  as*  <f  y*  +z*  has  been  shewn  greater  than  xy  +  xx  +  yz,    (2)  and  (8)  may  in  like 
manner  be  shewn  to  be  true. 

20.  (1)  Let  X >  y  and  y> s,  then  z*(y - z)  and  z*(x-y)  are  positive,  and  y*{z - x) 
U  native;  whence  ^•(y-a)  +  s»(x-y)>y'(«-»)  from  which  may  be  deduced, 
that  x+s>y,  but  x>y,  therefore  the  property  is  proved.  (2)  and  (8)  may  be 
considered  in  the  same  manner. 


ELEMENTARY  ALGEBRA, 
AYITH  BRIEF  NOTICES  OF  ITS  HISTORY. 


SECTION    V. 


MEASrRES,  MULTIPLES,  AND  FRACTIONS. 


BY    EGBERT    POTTS,    M.A., 

TBIXITT  COLLEGE,    CAKBBISOE, 
11037.   LL.D.   'WZLLLUC  AND  XAST  COLLEQB,   TA.,   V.8. 


LONDON : 

LONGMANS   AND   CO., 
J879. 


COBOfON  MEASUEES  AND  COMMON  MULTIPLES. 

Art.  1.  The  subject  of  algebraic  measures  and  multiples  is  of 
extensive  use ;  and  it  may  be  remarked  that  the  common  measures 
and  common  multiples  of  numbers  do  not  always  correspond  to  the 
common  measures  and  common  multiples  of  algebraic  expressions, 
Trhen  numerical  yalaos  are  assigned  to  the  general  symbols.* 

A  common  divisor  or  common  measure  of  two  or  more  algebraical 
quantities  is  any  quantity  by  which  each  of  the  given  quantities  can 
be  divided  exactly  without  any  remainder;  and  the  highest  common 
divisor  is  the  highest  quantity  by  which  each  of  them  can  be  exactly 
divided.  By  ''the  highest  common  divisor"  must  be  understood 
that  divisor  the  terms  of  which  contain  greater  coefficients  and 
greater  exponents  of  the  symbols  than  any  other. 

Two  or  more  algebraical  quantities  are  said  to  be  prime  to  one 
another  when  they  have  no  common  divisor. 

A  common  multiple  of  two  or  more  algebraical  quantities  is  that 
quantity  which  is  the  least  multiple  of  each  of  the  given  quantities ; 
and  the  least  common  multiple  is  the  least  multiple  of  each  of  the  given 
quantities  respectively ;  and  is  also  the  least  quantity  that  is  exactly 
divisible  by  each  of  the  given  quantities.  Algebraical  quantities  are 
€aid  to  be  prime  or  composite,  in  the  same  manner  as  nimibers  in 
arithmetic. 

2.  Prop.  To  explain  the  process  of  finding  the  highest  common  divisor 
4>f  two  algebraical  expressions. 

The  process  depends  on  these  two  principles. 

1.  If  one  quantity  be  divided  by  another,  and  leave  a  remainder, 
and  if  this  remainder  and  the  divisor  have  a  common  divisor,  then 
this  common  divisor  will  also  be  a  common  divisor  of  the  dividend 
and  divisor. 

Let  the  quantity  A  when  divided  by  B  give  the  quotient  q  and 

remainder  r ;  and  suppose  j?  to  be  the  common  divisor  of  JB  and  r,  so 

B  r 

that  —am  and  -  =  n.  and  therefore  ^  =  mp  and  r^np,  or  B  and  r  are 
p  p 

multiples  of  p. 

But  ~  =  q+1  or  -4  =  Bq+r. 

Hence  A  =  mpq+npxp(mq+n). 

.-.—  =  mq+n,  or  « is  a  common  divisor  of  A  as  well  as  of  J?  and  r. 
P 

2.  That  a  dividend  may  be  multiplied  by  any  factor  which  is  not 


*  See  the  Editor's  Elementftry  Arithmetic,  Section  yiii.,  on  Measures  and  Mol* 
tiples. 
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common,  to  a  diidsor,  and  a  divisor  may  be  divided  bj  any  factor 
whicb  is  not  common  to  a  dividend :  for  in  both  cases  the  common 
divisor  of  the  two  expressions  is  not  affected  by  such  operations. 

The  highest  common  divisor  of  Aa  and  B,  of  A  and  J3h,  and  of 
Aa  and  £bf  la  the  same  as  that  of  A  and  £,  i£  a  contain  no  divisor  of 
£b,  nor  h  of  Aa. 

Let  A  and  B  denote  two  polynomials  of  which  the  dimensions  of 
B  are  not  higher  than  those  of  A.* 

Let  A  divided  by  B  give  a  quotient  P,  with  a  remainder  Cc, 
Suppose  the  factor  e  in  Cc  not  contained  in  B,  let  c  be  rejected  and  C 
taken  for  the  second  divisor. 

Next,  let  B  divided  by  C  give  a  quotient  Q,  with  a  remainder  Bd, 
Suppose  the  factor  d  in  Bd  not  contained  in  C>  let  J  be  rejected  and 
D  taken  for  the  third  divisor. 

Let  C  divided  by  B  give  a  quotient  B  with  a  remainder  0,  then 
B  will  be  the  highest  common  divisor  of  A  and  B., 

The  process  may  be  thus  exhibited,  with  the  following  equivalents. 

B)A{P  A+BP+Ce,  andA^BP^Cc, 

BP 

'      Cc  B=CQ+Bd,  B-'CQ^Bd, 

CQ  C^BIt,  C=BB. 

l)d 

B)C{R 
BR 

0 


r    •  As  an  example,   find  the  highest  common  divisor  of  2j;*+9j:y4-9y*  and 

The  first  term  of  second  qnantity  cannot  be  exactly  divided  by  the  first  term  of 
ike  first  quantity,  and  in  order  that  it  may  be  divisible,  it  may  be  multiplied  by  the 
lu^r  2,  which  does  not  enter  into  every  term  of  the  first  quantity. 

2a:»+9ay+9y«)3a;«+4ay-15y« 
2 

6a;«  +  8xy-80yM3 
6a;*+27gy+27»« 

-19j;y-67y«  -  -19y(x+ Sy) 
The  fjMJtor  —  19y  in  the  remainder  may  be  rejected,  as  it  forms  no  factor  of  the 
preceding  divisor. 

«  +  8y)2a:«+9a;y+9y«(2a;+8y 
2a?'-fgay 

8ary+9y» 

i',;  8gy+9y* 

Hence  a; + 8y  is  highest  common  divirar  of  the  two  expressions. 
•  .By  this  method,  the  highest  common  divisor  of  two  algebraical  polynomials  can 
always  be  found,  when  the  expressions  can  be  arranged  according  to  the  ascending 
or  descending  powers  of  one  of  the  symbols.     In  cases,  however,  where  no  such 
arrangement  is  possible,  the  common  factors  may  in  general  be  found  by  inspection. 


I 

■ 

) 


First,  every  divisor  of  A  and  B  divides  BP,  a  multiple  of  B,  and 
therefore  it  divides  A—BP  or  Ce,  and  therefore  also  C. 

And  every  divisor  of  A  and  B  divides  C,  and  therefore  B^  CQ  or 
Iklf  and  therefore  2>. 

Hence  every  divisor  of  A  and  B  divides  2). 

Secondly.  Since  BE »  C,  therefore  B  divides  C,  and  therefore  CQ, 
a  multiple  of  C7,  also  QC+Dd  or  ^,  and  therefore  BP,  and  conse- 
quently BP+  Co  or  -4.  Therefore  every  divisor  of  A  and  B  divides 
Bf  and  2)  divides  A  and  ^. 

Wherefore  D  is  the  highest  common  divisor  of  A  and  j9. 

The  highest  common  divisor  of  three  quantities  A,  B,  C,  may  be 
found  by  first  finding  B,  the  highest  common  divisor  of  two  of  them, 
A  and  B ;  and  next  finding  JS  the  highest  common  divisor  of  B  and  C 
the  third  quantity. 

Then  B  will  be  the  highest  common  divisor  of  ^,  ^,  and  C 

The  same  method  may  be  extended  to  four  and  to  any  number  of 
quantities. 

In  some  cases  it  will  be  found  more  convenient  when  there  is  an 
even  number  of  quantities;  to  find  the  highest  common  divisor  of 
every  two  of  them,  and  then  the  highest  common  divisor  of  these 
common  divisors. 

When  two  or  more  given  expressions  can  by  inspection  be  resolved 
into  the  product  of  their  prime  factors,  the  factor  or  the  product  of 
factors  common  to  each  expression  will  obviously  be  the  highest 
common  divisor  of  the  given  expressions. 

3.  Prop.  To  explain  the  process  for  finding  the  least  common  multiple 
of  two  algebraical  expressions. 

Let  Af  B  he  the  quantities  whose  least  common  multiple  is  re- 
quired, and  let  B  be  their  highest  common  divisor. 

Also  let  A  3.niB  when  divided  by  2>  give  respectively  the  quotients 
P  and  Q,  which  are  prime  to  each  other,  so  that  A  =  PB  and  B  »  QB ; 
then  BPQ  is  a  common  muliiple  of  A  and  B  \  for  it  contains  A,  Q 
times  and  B,  P  times. 

BPQ  is  also  the  least  common  muliiple  of  A  and  B ;  for  no  quantity 
less  than  BPQ  contains  all  the  factors  that  enter  into  A  and  B. 

"Sovf  AB^BPQB, 

.'.BPQ=^,OT^xBoT^xA. 

Hence,  the  least  common  multiple  of  two  quantities  is  found  by 
dividing  the  product  of  the  two  quantities  by  their  highest  common 
divisor.     Or, 

By  multiplying  one  of  the  quantities  by  the  quotient  arising  from 
the  other  divided  by  their  highest  common  divisor. 
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If  the  two  given  quantities  be  prime  to  each  other,  the  least 
common  multiple  is  equal  to  their  product. 

If  one  of  the  two  quantities  be  a  multiple  of  the  other,  the  fonner 
is  their  least  common  multiple. 

The  least  common  multiple  of  three  quantities  is  found  by  first 
finding  the  least  common  multiple  of  two  of  them,  and  then  the  least 
common  multiple  of  this  and  the  third  quantity.  And  similarly  of 
four  and  any  number  of  quantities. 

It  may  also  be  noted  that  the  highest  common  divisor  of  any 
number  of  algebraical  quantities  is  equal  to  the  least  common  mul- 
tiple ^of  all  the  common  divisors  of  the  quantities.  And  the  least 
common  multiple  of  any  number  of  algebraical  quantities  is  equal  to 
the  highest  common  divisor  of  all  their  common  multiples.* 

4.  Prop.  Jf  one  quarUity  mecuure  the  product  of  two  others,  hut  is 
prime  to  one  of  them,  it  measures  the  ether. 

Let  e  measure  ah,  but  be  prime  to  a,  then  e  measures  h. 

For  let  a  be  greater  than  e. 

Then  let  e  be  contained  in  a,  ;r  times  with  a  remainder  r, 

." —  =  x+-,  in  which  r  is  less  than  c, 
e  c 

Again,  let  r  be  contained  y  times  in  e  with  a  remainder  s, 

r  r 

It  is  manifest  that  s  also  is  less  than  r ;  and  as  the  remainder  is 
continually  diminishing  at  each  step,  it  will  at  last  become  unity.  For 
if  there  be  any  other  remainder,  the  division  may  be  continued,  and 
if  there  be  no  remainder,  then  the  last  divisor  will  measure  a  and  c; 
and  therefore  a  and  o  have  a  common  measure  which  is  contrary  to 
the  hypothesis. 

Suppose  then  that  after  the  third  division  the  remainder  is  1, 

then  -  =  z+-, 

S  8 

.•.  a  =  cx+r         .\ab  =  bcx+hr     OTah  —  hex  =  hr 
c  =  ri/+s  he^hry+hs  he—hry^bs 

r  =  sz+l  hr  =  hsz+h  br—haz^b. 

Now  c  measures  ab  and  hex,  it .'.  measures  ah —  hex  or  br,  and  .*.  it 
measures  be—bry  or  bs,  and  .•.  its  measures  br—bsz  or  b. 

Hence  .*.  if  o  measure  ah,  and  do  not  measure  a,  it  measures  b» 
The  reasoning  is  similar  if  c  be  supposed  greater  than  a. 

•  To  find  the  least  common  mnltiple  of  2aj'+9ary+9y*  and  8a;'+4xy— 15y". 
The  highest  common  divisor  of  these  expressions  is  x+Zy. 

.-.  Least  common  multiple  ■(3a?^+4a^-15y'X2^'H-»^-H>y') 


EXERCISES. 
I. 

1.  Explain  the  process  of  finding  the  highest  common  diyisor  of 
two  algebraical  expressions^  and  shew  that  the  result  is  not  affected : 
(1)  by  removing  any  factor  which  is  common  to  every  term  of  a 
divisor  at  any  stage  of  the  operation  which  is  not  found  in  every  term 
of  the  corresponding  dividend ;  (2)  by  introducing  into  any  dividend 
a  fi&ctor  which  is  not  contained  in  every  term  of  the  corresponding 
divisor. 

2.  Explain  in  what  respects  the  process  of  finding  the  highest 
common  divisor  of  two  algebraical  polynomials  differs  from  that  of 
finding  the  greatest  common  measure  of  two  numbers. 

3.  If  the  quantity  I)  measure  A  and  B ;  it  also  measures  mA±:nB, 

4.  Does  the  common  process  for  finding  the  highest  common 
divisor  of  two  algebraical  expressions  enable  us  to  determine  all  the 
common  divisors  whenever  they  exist  ? 

5.  Every  other  miiltiple  of  any  two  quantities  is  the  same  multiple 
of  their  least  common  multiple. 

6.  If  m  be  the  least  common  multiple  of  a  and  h,  every  other 
common  multiple  of  a  and  &  is  a  multiple  of  m. 

7.  If  i»  be  the  least  common  multiple  of  a  and  h,  m*  the  least 
common  multiple  of  m  and  c^  and  m"  the  least  common  multiple  of 
m'  and  d ;  shew  that  ml*  will  be  the  least  common  multiple  of  a,  h,  c,  d. 

8.  Find  two  numbers  whose  greatest  common  measure  is  2  and 
whose  least  common  multiple  is  36. 

9.  Determine  that  algebraic  expression  which  involves  the  lowest 
possible  powers  of  x  that  can  be  exactly  divided  by  ^r^+oo^+G  and 

10.  Shew  that  the  highest  common  divisor  of  two  compound 
algebraical  quantities  is  the  least  common  multiple  of  all  the  common 
divisors. 

n. 

Eind  the  highest  common  divisor  of  the  following  quantities : — 

1.  3:r3_9j;_i  and  6ar— a;— 1. 

2.  a;»— 3^+2  and  ^+2a:— 3. 

3.  3a:'— 2ar»— 2x+l  anda^— a?*— 3a:»+4a:— 1. 

4.  6arV+a:'y'— a?y*and  43?*— 6a?V-4a?y'+3y'. 

5.  liar*— 9aa;'—aV—«*  and  13ar*-10<M;»—2flV—tf*. 

6.  2a:*— ll*"— 9  and  4a:»+lla?*+81. 

7.  3a:"— 3a?*— 53aJ»— 43a:>+34a?+30 

and  3aJ*+3a:*— 53aJ»+43a:>+34a:— 30. 

8.  3a:»— 10a:»+15a:+8  and  ar*— 2a:*— 6a:>  +  4a:»+ 13a:+ 6. 


9.  -r*+«»— 2a:*+«— 1  and  «»— 2r*+3«»— 3aj*  +  2a;— 1. 

10.  ai^+6x'+Ux+e,  ar^-i-lOx^+Slx+SO,  and  a;»+10^+23x+14. 

11.  a^-1  anda^-l+x(a:*-l)+^(a:'-l). 

12.  Sx^—{^a+2b)x+2ab+a*  and  r»— (2fl+6)a^+(2fl5+fl->— c-J. 

13.  ay{x'+U')+hx{htf'+a'x)  and  ap(y»+5»)+iy(Ja:»+flV)- 

14.  ai^-'pj!^+{q—l)x^+px—q  and  a?*— jrj:»+(^— l)j;»+5'^— j?. 

15.  1— fl5a;*+(6— a')a:»and  l+aca^—{e^d^)x^'-'2ax. 

16.  ««+(a+6+(?y+(*<?+<w+a*>  +  a«a+fl** 

and  «»+(a+2i)a:»+(«*+«<'+^'>+«'^+«^^- 

17.  a«+5»+(j»— Bo^c  and  a(a+25)+6(i  +  2c)+<(;+2fl). 

18.  iMf+>—(n+ 1)^+1  and  x"— wx+n— 1. 

in. 

Find  the  least  common  multiple  of  the  following  quantities  :— 

1.  na-»ar,  (n— l)a"-V,  (n— 2)a-V,  and  (»— 4)a"-V. 

2.  3x«— 5ar+2,  and  4:r*— ll^'+ar+G. 

3.  a^—a^x—aa^'\-(^,  a^—i^  and  ax^-\-a*x^aV^c^. 

4.  a:»— 2a:*— ar»+4a^+13a?+6,  and  3a?*+4a:»— Gx"— 12a?— 5. 

5.  fl»+6»+3fl*(«»+J»)+«*3*(»+^), 

and  2a^+26»+5ai(a»+y)+6a»i>+6). 

6.  «•— «•  and  a^^-a^. 

7.  x'— 4a*,  a?*+2<M;*+4a»a:+8fl?,  and  ««— 2aa;'+4fl'a;— Ba'. 

8.  21a;»— 13a?+2,  280:*— 15a?+2,  and  12a^— 7a:+l. 

9.  x'—f,  a^+y^,  «*+^y*+y*. 

10.  a^+ex'+Ux+e,  a;»+7a:*+14«+8,  a:»+8a:>+19ar+12, 
and  a:»+9a:»+26a:+24. 

11.  6(«»-J»)(a-J)»,  9(a*-5*)(a-^)«,  and  12(a'-i')». 

12.  0?,  a:+l,  «*+l,  a:»+l,  and  a:*+l. 

13.  X,  X — 1,  a:*— 1,  a?*- 1,  and  a?*  — 1. 

14.  6a:*— 13a;+6,  12a:*— 5ar— 2,  and  15a:'  +  2a?— 8. 
16.  a;"— 1,  a:"— 1  and*"— 1. 

IV. 

1.  Find  the  value  of  a  for  which  the  following  fraction  admits  of 

reduction :  ^-^+19a?^a-4 

a^—{a+  l)a:*+23a?— a— 7 

2.  Find  the  greatest  common  divisor  of  a:'+y'+2*  and  a^'\'f^+i^ 
when  x+y+z^^O. 

3.  If  a"+a*~'J+5"  and  a"+a5''~*+5"  [have  a  common  divisor,  m 
being  an  integer,  prove  that  it  is  of  the  form  3p— 1,  and  find  the 
greatest  common  measure. 

4.  If  the  greatest  common  measure  of  a,  h,  e  be  an  odd  number 
tn ;  then  the  greatest  common  measure  of  a+b,  h+e,  c+a  will  be  2»i, 
i£  a,  h,  e  be  odd  numbers,  or  m  if  they  are  not. 

5.  If  p,  ^,  r  be  the  successive  quotients  in  finding  the  highest 


common  divisor  of  the  numerator  and  denominator  of  the  fraction 
-;  then  y=    "V  .         or — .         r— >  according  as  0  is  greater  or  less 

than  5. 

6.  Shew  that  aa^+tx+e  and  a+^a?*+^^  have  a  common  quadratic 
factor,  if  W  =  (c*— a«+i«)(c«— fl=+a5); 

7.  The  expressions  oc'+Jjf+i^  and  ax^+mhx'\'m^e  have  a  common 
divisor,  if  (m  +  lyac  =  w6*. 

8.  If  i>  be  the  greatest  common  measure,  and  M  the  least  common 
multiple  of  two  decimals  which  have  m  and  m+n  decimal  places  re- 
spectively ;  prove  that  -^is  a  multiple  of  10*. 

9.  If  the  least  common  multiple  of  a:i^+ex+d  and  a'  a^+eji^+d'  be 
an  expression  of  the  fourth  degree  ;  shew  that  a^d^aa'c+(^*, 

10.  Shew  that  if  x+e  be  the  highest  common  divisor  o£  x^-^-ax+b 
and  a^+mx+a;  their  least  common  multiple  is  a^+{a+m—c)a^+ 
(am— c')a:+(a— (?)(m— <^)c. 

11.  If  aa^+bx+c  and  ma^+nx+p  have  a  common  factor  of  the 
form  x+q ;  shew  that  (^a— wc)*  =  (n(?— j[?J)(na— wJ)^ 

12.  Find  the  highest  common  divisor  of  4;^— l)(a:*+*  +  l) 
and(af— l)(a^+»+l). 

13.  Find  the  highest  divisor  of  a:"— y"and;c" — y",  (1)  when  m  andn 
are  of  the  forms  4p,  4p-\-2,  and  (2)  of  the  forms  ip+l,  4p+3. 

14.  Explain  how  the  highest  common  divisor  of  two  algebraical 
expressions,  does  not  always  give  the  greatest  common  measure  of  the 
nnmbers  which  result,  when  particular  numerical  values  are  given  to 
the  algebraical  symbols. 

Exemplify  in  finding  the  highest  common  divisor  of  a;*— a:* — 24?— 1 
and  aj*+2a;»+a:*— 1 ;  and  of  3j:^+<m:— 4a*  and  6x^—7 ax^'-20a^x ;  and 
their  greatest  common  measures,  when  x  =  4  and  a  =  1 . 

15.  If  if  be  the  least   common  multiple  of  the  three  numbera 

Of  h,  e,  shew  what  are  the  conditions  that  — "r^T_f  may  }yQ  integraT.. 

16.  m,  fTtj,  fn„  9713,  and  c?,  d^,  d^,  d^  be  the  least  common  multiples^ 
and  the  highest  common  divisors  of  A^  B^  C;  of  B,  C\  oi  C,  A;  and 
of  A,  B,  respectively ; 

Shew  that  ^13^=:^^,  and  ^^^4.^. 
m  d  dm 

17.  If  ^1,  ^,  ^  are  the  lowest  common  multiples  of  B  and  C,  of  C-' 
and  A,  of  A  and  B,  respectively  ;  if  ^1,  yi,  ff^  are  the  highest  common^, 
divisors  of  the  same  pairs ;  and  i£  Z,  G  are  the  lowest  common  rwd^ 
tiple  and  highest  common  divisor  of  A,  B,  and    C;    prove    thtkt 


FEAOTIONS. 
Art.  1.  Algebraic  fractions  are  subject  to  the  same  principles  as 
arithmetical  fractions,  and  eyery  fraction  may  be  considered  as  repre- 
senting the  quotient  arising  from  the  division  of  the  numerator  by  the 
denominator. 

The  fraction  ^  cannot  be  called  either  a  proper  or  improper  frac- 

0 

tion,  while  the  values*  of  the  numerator  and  denominator  are  not 
assigned;  but  it  may  be  considered  a  proper  or  improper  fraction 
according  as  the  numerator  is  less  or  greater  in  form  than  that  of  the 

denominator,  as  -.  is  a  proper  and  — X-  is  an  improper  fraction. 

ma+b         ^    ^  a  ^    ^ 

Every  quantity  having  an  integral  form  can  be  expressed  as  a 
fraction,  by  placing  unity  for  the  denominator,  as  a  is  the  same  as  -. 

2.  The  general  properties  of  algebraic  fractions  are  the  same  as  those 
of  numerical  fractions,  with  this  distinction,  that  general  symbols  are 
emjployed  in  the  former  and  definite  numbers  in  the  latter. 

A  fraction  is  multiplied,  by  any  quantity  by  multiplying  the  nume- 
rator by  that  quantity;  as  -^-f  is  the  product  of  the  fraction  -  by  the 

0  b 

quantity  m. 

Conversely.  A  fraction  is  divided  by  any  quantity  m  by  dividing  the 

ntunerator  by  that  quantity,  as  ^  is  the  quotient  of  ^  divided  by  m. 

A  fraction  is  also  divided  by  any  quantity  by  multiplying  the  denomi- 
nator by  that  quantity,  as  -^  is  the  quotient  of  the  fraction  ^divided 

mb  b 

by  the  quantity  m. 

Conversely.    A  fraction  is  midtiplied  by  any  quantity  by  dividing 

the  denominator  by  that  quantity,  as  -  is  the  product  of  the  fraction 

b 

by  the  quantity  m. 


Hence,  a  fraction  is  multiplied  by  any  integral  quantity  either  by 
midtiplying  the  numerator  or  dividing  the  denominator  by  that 
quantity.    And,  a  fraction  is  divided  by  any  integral  quantity,  either 


*  It  must  always  be  remembered  that  the  value  of  a  fraction  depends  on  the 
relative  values  of  the  numerator  and  denominator,  and  not  on  their  absolute  values. 

t  If  m-*(,  then?x(""a;  that  is:  if  a  fraction  be  i|^ultiplied  by  a  quantity 
equal  to  its  denominator,  the  product  is  equal  to  the  numerator. 
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by  dividing  the  numerator  or  mtdtiplying  tbe  denominator  by  that 
quantity.  , 

If  the  numerator  and  denominator  of  a  fraction  ^,  be  both  mul- 

0 

tiplied  bythe  same  quantity  m,  as —,  the  value  of  the  fraction  is  un- 
altered in  value. 

By  means  of  this  principle  two  or  more  fractions  can  be  changed 
to  other  fractions  which  shall  have  each  the  same  denominator  without 
altering  the  values  of  the  fractions. 

Conversely.    If  the  numerator  and  denominator  of  a  fraction 

--rr,  be  both  divided  by  the  same  quantity  m,  as  y»  the  value  of  the 
nw  0 

fraction  is  imaltered  in  value.* 

By  means  of  this  principle,  fractions  can  be  changed  to  others  in 
a  more  simple  form  without  altering  their  value. 

The  signs  of  the  numerator  and  denominator  of  an  algebraic 
fraction  may  be  changed  without  affecting  the  value  of  the  fraction, 
as  it  is,  in  fact,  multiplying  the  numerator  and  denominator  by  —1. 

3.  An  improper  algebraic  fraction  is  reduced  to  a  mixed  quantity, 
and  a  mixed  quantity  is  reduced  to  an  improper  fraction  in  the 
same  manner  as  arithmetical  fractions ;  thus  the  improper  fraction 

— IT-  =  m+-,  and  the  mixed  quantity  m+-  =  ^'^  '    . 
a  a  a        a 

An  algebraic  fraction  is  reduced  to  its  lowest  terms  by  dividing  the 
numerator  and  denominator  by  their  highest  common  divisor. 

Two  or  more  algebraic  fractions  are  reduced  to  equivalent  fractions 
having  the  lowest  common  denominator,  by  finding  the  lowest  common 
multiple  of  the  denominators,  next,  dividing  this  quantity  by  each  of 
the  denominators  respectively,  and  lastly,  by  multiplying  the  nume- 
rator' and  denominator  of  each  fraction  by  th&  corresponding 
quotient.! 


*  These  general  properties  may  be  shewn  to  be  true  for  algebraic  fractions  in  the 
same  manner  as  they  have  been  proved  for  arithmetical  fractions.  See  Elementary 
Arithmetic,  section  iz.  pp.  2-i. 

t  Ex.  Reduce  the  fractions  _    !f    ~  to  equivalent  fractions  having  a  common 

a    b    c 

denominator. 

Here  abc  is  the  least  common  multiple  of  the  denominators. 

Then^-?x-«— •  ^-^X--— ;  -=-X— -— •    and  —    ?^    ^ 
a    a    be    abc  *   b     b    ac    abc  '  c     c    ab    abc '  abc*   abc*   abe 

are  the  equivalent  fractions  having  the  common  denominator  adc; 
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4.  Prop.  To  find  the  »um  and  difference  of  two  algehraical  fraetiont. 

The  sum  aad  difference  of  two  algebraical  fractions  ^  and  ~  are  found 

h         d 

in  the  same  manner  as  the  sum  and  difference  of  two  arithmetical 

fractions. 

First  reduce,  if  necessary,  the  fractions  ^  and  -•  to  the  equiva- 

0         d 

lent  fractions  —  and  --?  having  a  common  denominator,  and  then  take 

hd        hd 

the  sum  or  difference  of  the  numerators  for  the  sum  or  difference  of 

the  fractions,  thus  : — 

a  ,  e    ad  ,  he     ad-^-he    .^        _ 
— L-  = I —  = ! — ;  the  sum. 

h^d    bd^bd       hd     '  ' 

^^l^^^t^^t±,  the  difference. 
b    d    hd    hd       hd    ' 

In  performing  the  addition  and  subtraction  of  algebraic  firactions, 
it  will  in  general  be  found  most  convenient,  first  to  combine  two  of 
the  fractions,  and  then  a  third  to  this  result,  and  so  on  for  the  rest. 

In  this  case  of  mixed  quantities,  instead  of  reducing  them  to  im- 
proper fractions,  it  will  generally  be  found  more  convenient  to  reduce 
the  fractional  parts  to  a  common  denominator,  and  then  to  annex  the 
sum  or  difference  of  the  fractions  to  the  sum  or  difference  of  the 
other  quantities. 

5.  Prop.  To  find  the  product  and  quotient  of  two  algebraical  fractions. 
The  product  and  quotient  of  two  algebraic  fractions  is  subject  to 

the  same  rules  as  the  product  and  quotient  of  two  arithmetical  frac- 
tions. 

To  find  the  product  of  two  fractions  ?  and  ^ ;  take  the  product 

h        d 

cc  of  the  numerators  a  and  c,  and  the  product  hd  of  the  denominators 
h  and  d ;  these  will  be  the  numerator  and  denominator  of  the  pro- 
duct of  the  fractions,  thus  : — 

Y  X  3  =  ?^,  the  product.* 
0     a     od 


*  To  multiply  any  fraction  -  by  another  4  means  that  the  fraction  -.  is  to  be 

b  d  0 

multiplied  by  c,  and  this  product  divided  by  d. 

By  an  extension  of  the  meaning  of  vrords,  multiplication  includes  taking  parts 

of  a  time  ;  and  every  multiplication  may  be  converted  into  a  division,  and  every 

division  into  a  multiplication. 

Thus  ax-^j  or  a-~-b,  that  is,  the  product  a  by  -  is   equivalent   to  a  divided 
h ;  and  conversely,  a  divided  by  &  is  equivalent  to  a  multiplied  by  -. 

0 

The  inverse  or  reciprocal  of  any  quantity  is  unity  divided  by  that  quantity,  as 
1  ha 

-  is  the  inverse  or  reciprocal  of  a,  and  -  is  the  inverse  or  reciprocal  of  -' 
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In  finding  the  product  of  two  or  more  algebraical  fractions,  when 
equal  factors  are  found  in  the  numerator  and  denominator  of  the 
product,  these  factors  may  be  struck  out,  by  the  principle,  that  the 
value  of  a  fraction  is  not  altered  by  dividing  the  numerator  and 
denominator  by  the  same  quantity,  as  the  value  of  a  fraction  depends 
not  on  the  absolute,  but  on  the  relative  values  of  the  numerator  and 
•denominator. 

The  quotient  of  two  algebraic  fractions  is  also  found  in  the  same 
manner  as  the  quotient  of  two  arithmetical  fractions. 

To  find  the  quotient  of  the  fraction  ~  divided  by  4  is  the  reverse 

b  d 

{)rocess  of  finding  the  product,  which  is  effected  by  multiplying  the 

a,  d 

dividend  ^  by  the  reciprocal  -  of  the  divisor,  thus : — 

0  0 

f^^  =  fx^=?,  the  quotient* 
0     a     b     c     oc 

Hence  the  Eule.  Multiply  the  dividend  by  the  reciprocal  of  the 
divisor,  and  the  product  will  be  the  quotient  of  the  two  fractions. 

When  the  numerator  and  denominator  of  the  dividend  can  be 
divided  by  the  numerator  and  denominator  of  the  divisor  respectively ; 
the  quotient  may  be  found  directly,  but  this  is  very  seldom  possible. 

It  may  be  remarked  that  algebraic  fractions  are  in  general  con- 
sidered as  representing  parts  of  abstract  number.  But  algebraic 
fractions  may  also  be  regarded  as  denoting  concrete  quantity.  With 
respect  to  the  interpretation  of  the  algebraic  addition  and  subtraction 
of  concrete  fractions,  it  is  obvious  that  the  sums  and  differences  of 
such  fractions  are  only  possible  when  the  concrete  quantities  are  of 
the  same  kind. 

In  the  interpretation  of  the  results  of  the  multiplication  and 
division  of  concrete  algebraic  fractions,  the  same  method  applies  as 
in  the  interpretation  of  the  algebraic  products  and  quotients  of  in- 
tegral concrete  quantities.f 

*  The  rule  for  division  of  one  fraction  by  another  may  be  readily  shewn  by  the 
principle  of  the  dividend  being  equal  to  the  product  of  the  divisor  and  quotient. 

Let  ^  be  the  dividend,  -.  the  divisor,  and  let  x  denote  the  quotient. 
b  a 

Thenixx-*       Multiply  these  equals  by  1       .-.^x-Xx-^x^ 
do  *  c  e    d  0     e 

but  ^x^-^-1.      ncncea!orfLj^-?xi 
c    d    cd  b    d     b     e 

t  The  student  is  referred  to  the  Elementary  Arithmetic,  section  ix.  pp.  7-9,  where 
the  reasons  of  the  processes  of  arithmetical  fractions  are  fully  given,  and  which  may 
readily  be  adapted  to  general  expressions  of  number  and  quantity. 


EXEBdSES. 

L 

1.  In  wliat  respects  do  algebraical  fractions  differ  firom  arithmetic 
eal  fractions  ? 

2.  If  the  numerator  and  denominator  are  prime  to  each  other^ 
the  fraction  is  irreducible,  and  cannot  be  expressed  in  a  more  simple 
form. 

3.  when  a  fraction  -  is  equal  to  another  irreducible  fraction 

0 

-,  tiie  terms  of  tiie  former  are  respectiTdy  equimultiples  of  the  terms 
of  the  latter. 

4.  What  alterations  are  made  in  the  value  of  a  fraction  ^i  (1)  when 

a  quantity  z  is  added  to,  (2)  when  subtracted  from,  the  numerator 
and  denominator? 

5.  If  -  and  -  be  two  unequal  fractions,  the  fraction— X^  is  inter- 

mediate  in  value  between  ?and^. 

0        d 

6.  Neither  the  sum  nor  the  difference  of  two  fractions  which  are 
in  their  lowest  terms,  and  of  which  the  denominator  of  one  contains 
a  factor  not  contained  in  the  other,  can  be  an  integer. 

7.  Explain  how  a  meaning  is  given  to  the  process  of  multiplying 
two  fractions  together. 

8.  Beduce  the  fractions  ^,   -f ,  f^  to  equivalent  fractions  having 

(1)  the  same  common  denominator,  (2)  the  same  common  numerator. 

9.  Shew  that  the  cube  of  the  difference  of  a  fraction  and  its  re« 
ciprocal  is  less  than  the  difference  of  their  cubes  by  three  times  the 
difference  of  the  fraction  and  its  reciprocal. 

10.  Shew  that       ^^7"    ^       is  always  a  proper  fraction. 

n. 

Determine  the  value  of — 

,     fl— 3  .   <i— 2      a+3    ,  ^  - 

1.  -- — rrr+T -L-r-i— whena  =  5. 

2.  Knd  the  value  of  ^  .*!:?.  ?II?,  when  a  =  10, 5  =  5,  c=  1. 

3.  Find  the  value  of  a— ^+^— — +— to  ffve  places  of  decimals 

2^  3     4     6  ^ 

when0=*l. 
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4.  Find  the  value  of    .  j"       f .  wlien  a- 1,  6  =  2,  «=3. 

ab+ae — bo 

5.  What  is  the  value  of  £=?+?=:*  when  x  — ^  ? 

b     '     a  a+b 

6.  Find  the  value  of  —J^t^L-  when  x=% 

7.  Shew  that^t»t^~fT'  =^>  when  a:  =  6+c,  !/=:e+a,  z-^a+h. 

8.  When  a^4,  h  =  6,  e  =  S,  find  the  numerical  value  of 


<1     1     1)    rl  ,  1     !•>  71  .1     1) 


9.  Find  in  terms  of  a,  the  value  of  ar'+g^+g'_^  J^t'^^  ^^®^ 

^  s  ^-Sa,  and  when  x  =  —  Ja. 

10.  Km  =1-5,/=- 20,  y  =  2,  r=— 10,  «  =  — 15,  find  the  value  of 


M" 


m' 


1 1  l+(l-i)  .  (--— )  }  "^^  to  two  places  of  decimals. 


11.  Shew  that  ^^^);+(^+fj!  is  integral  for    aU   integral 

values  of  x.    Can  ^+y'+^'  be  integral  for  all  integral  values  of  a,  y,  s? 

12.  Shew  that  the  sum  9  shillings,  d  pence,  and  q  farthings  is 
equivalent  to  ^jj^±^^:^±S  of  one  pound. 

m. 

Determine  the  highest  common  divisor  of  the  numerator  and  de- 
nominator of  the  following  fractions  respectively,  and  reduce  them  to 
their  lowest  terms  : — 

.    x^^4x+S      o    8g^a?'+6gV+6tfg'+3a:^       3     2a:^— ay— 6y« 
^'  aJ— 2^5— 3'        •        7a«+14fl»a?+7«**a^     '        "  3a:«— 8iry+4y»* 
.     a^+8gV— 4ar'y»  10a?*— 7a:»+a:*       ^      30gV--5a;»a;»+5(i^a? 

•  a^-.ic«y— icy»+y**    ^'   4a?*— 2a;»— 2a?+l'      '         9aa?»— a^a?+2a* 
^    1— 2a?+2a;'+2a?»— 3ar*      g    a?^— 2a?*— a;»4-5^— ^a?+l 

•  1— a?+2a?*+a?»+3a;*  *        *       a?*— a?»— 3a;^+6a?— 2     ' 
^    a?»+2a?«+2a?     -^         lOa^— 54a;'+87a;— 45 

a?*+4a?     *        '    5a?*— 36a?»+87aj*— 90a?+54' 
^j     (2a:*+5a?4-2)(a?'+3a?'— a?+3)      .«      5a?*— 4a?'— 1 

(a?'+6a?»+lla?+6)(2a?»-a?-l)'        '   :c»-a?*-ar+r 
13    3(a?»-y«)-5a?y(a?-y)+y»     ..    8^-29^^-21 

•  3(a?»+y»)+a?y(a?+y)— 5y«'        '  213??- 29a?*+8" 
,5    gy + (g^— y)a?+ (tf — a>p»+g« 

'  fl^+(a6+5>+(a— 5)a?"+a?»' 
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•   «»— (2a+i)aj*+(2fl6+fl')— fl*y 
jg     (g*—  1  )j^ + {2a^+a)a^ +2ax+\ 
'    (fl— 1)V— 2(a— ija;*— 2aa;— 1  * 

IV. 

Find  by  inspection  the  highest  common  divisor  of  the  numerator 
and  denominator  of  each  of  the  following  fractions,  and  reduce  theo^ 
to  their  simplest  form  :^ 

2    mi^l^x    ah — 5*     a^hc — ab*e        ,  «' — y* 

or* — y*         *        '  tf'+«*J — a — h' 
^    fl»  +  y+g»+2g6+2tfg+25g      g    fl»4.y-|-gg^g5-~<rg— ^g 

g    {a+c){a'-e)+h{2a+h)       ^    Shez+6mxi+36mx+lShc 
(a+c){a—e)—b{2c+b)'        '    4adz+7r8i+24ad+'i2rt' 
10    fl^(^+y')+^y(g'+y)      „     (l~;cy)(l+;py)-(ar-y)(a?+y) 

'  ab{a^-t/')+xy{d'-b'y      '  (i+*y)H(^-y;^ 

j2       a*b+<^d+a^d+bc^ 

ab*+cd^+abd+bcd+acd+abc+b^d+bd*' 
-3      9x'-Sxf/^ex^2y      ..    (a+hy-{e+dy 
'  6ar*— 4a;»-3ary*-2y''        *  t«HM)MH^' 

15^    (<M?+3y)«— (g~^)(a?+g)(cM;  +  ^y)  +  (g-  ^)'^ 
{ax—byY^  {a'\'b){x-\-%)(ax—hy)-\-{a+byxz' 

-   V. 

Find  the  respective  sums  of  the  following  examples : — 

1     24?     6a?       OK,  3ar— 2        o    0?     3a?     6a?      .     lit 
1.    — L—-.      2.  6a?+ .      3.  -J 4.  --f  ;-i— . 

3^7  7  7^8  ^9  a^i^c 

.ff.^,<7       f,    he  ^ae  ^db       -        a       ,       * 

O.    — I — 4--.       o. U^^-4- — •       7.    -tt4--^; • 

x^y^t  a^b^e  2a— 25^23— 2a 

a?+a^ir— a  a?+7^a?— 3  3a— 2a?^3a+2a? 

--     i' — ah     a'+aJ     -,^      ha    ^    ah       ,0    tf+^  ,  «— ^ 
Ja— a"  '  ^a+J'  a— A     J— a  a;— a  '  a?— ^ 

14.     -^+-^-     15.  h^^t±^.    16.  4+-?^+^, 
a?+2y^a?— 2y'  d^  d{C'\'dx)  ab^ac^bc 

-  ^    a— ft    (?— a    ft—t?     -  ^         a?— y  a?+y 


aft    *    fl<?  "*"  Jc  a?*— a:y+y*    ^+^y4-y** 

19^   ^+xy+y^    x^—xy+y^ 
s^—xy+y*'^a^+xf/+y*' 
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VI. 

Eind  the  respectiye  differences  of  the  following  examples  :— 

^     X    X     2?flf     3^.     ^^+^      4    2a?+l     4x+2    • 
5""7  ■      '  T  """5  ■      '  2i""    5a?     '      '      3a;    "■  12a?    * 

-             a'^«tf<?,-l           Iq    «+ft     « — ^ 
o.   a — -.    o.  - — — -.    /.  —. •    o. -— ~  • 

a^b  0    h(h+c)  a?— 3    a?— 4  a—o    a+a 

9.   J2f ?i-.   10.^"_*±f.  11.     -^         ** 


bx'\-e    bx — e  a — b     a-^-b  x — a    x — b 

.o  a^ ^'  ^3    3a?_/2a?     5a?     Ua?) 

'    (a?-«)(a-^)     (a?-J)(4-a)'        '    2       I  13"^ll"*' 12  j  ' 

a?— y  a?+y' 

VIL 

Verify  the  correctness  of  the  results  expressed  by  the  following 
equivalents : — 

1.   ^_?±.^.  /  3(^_?IL^  I  =a-6-.+(?. 
2  2(2  2     ) 

■     3  ''■5*     4     ""4 1  3  ~     5      J  "      30 
o     3a— 4i     2a— J— c     15a— 4(?    a+54J  , 

7  3        ^      12  84 

4  j;  /  ^_(^+g-a)((?+a-^)  1   ,     f  ^_(6+(?-a)(a+&-p)  1 
'I  2a6  J         I  2a<?  f 

=  a+5+<?. 

5  (a+^+g)(g*+y+g')_  r  5+g    g+<g  ,  g+^  I     fl^+y+g* 

abc  \abc)  abc     ' 

g    (a+^Xa'+y-^c*)     (5+g)(y+g'-g^)     (g+a)(^+a'-y) 
a^  '  i(?  (» 

=  2(a+a+0. 

^     (y+c'j-a'    (g+a)«-y    (a+5)«-g* 

2*(?        "*"       2ac       "^       2a* 
_  (a+3+g)(2a*+2ag+2*g— a»— 6'— g*) 
"  2a*(? 

g    y+c«-a'    c'+a'-y    a'+ft^-g* 

be        *        ac       "^       ab 

a5<^ 
(a+*)(a+g)  ^(5-ha)(3+(?)  .  (c+a)(c+b)    (a+b){b+o)(C'\-a) 
^-  ?         ■*■ b* + ? ifc 

*^'*" — ?Jv — • 
10.  (i)l-LJ-.-J!?±i-.  (2)l'±^.p±L.. 

§5 


IG 


yy^  1  ^c  +d    hicd-^-c+d)      ^  "^  a:  +y  +«    xyx+ax'\'d% 

vin. 

Find  the  following  products : — 

1.  _>_x2f+3y.   2.  /£+nx{?+fl. 

,      {x    X    x\       (2      Z\       .       x{a-x)  <»(«+») 

.    n^-xy       «*— y«  „    a^— y'  „ a^+g'y'+y* 


Besolre  the  following  ezpresdons  into  thmr  constituent  ample  and 
-qnJadratio  factors : — 

*•  4(<^+J»)  *  2«J     • 

„    g'+y-c    1      4    ,_g'-(i+«)'       5    («'-(> +g)'_t. 

ft    (g+^){(g+t)'-<^}       7    {ac-UfH«^+W-A 

"•    a-h+c-d  I     2(«*+frf)      j' 

I       2gJ       j  '  gJ— erf 

X. 
Determine  the  following  quotients : — 

?/=-9.y+3     4.  _2^^_±_. 
'*•  ""5      ="    4    ■  c^+3?  •  x+a 


17 

^j     (^+y»)(^+y«)  ,  ^-g^y+y' 
a:»— y*  "       x+y 

-  {■+^??}-{^-»-}- 

13.    /  ?+?y  .  f  U  /  J!L+^±I1 1 . 

I  x+y  ^yf'X  x+y^  y      J 


Perform  the  following  divitions  and  verify  the  resultB :— 

2—12""  72  ■•'144     12     ^    2"*"  4  ""3* 

4. 44rH +27  by  — — «+3. 

4  844''2 

16*>     26i*"^20^     642«     ^    4^+5*«"8i»' 

6.   ^V^lZfV +?^-12^/  by  2^_^+6^. 

5  40  2  5  4 

<F  '  :f        la*    jr  )         {a  '  x  \         a'  x 

8.  ««+^+««+^+«»+i+2  by  «^+i+«+l. 
(T  a*  a  or         a 

xn. 

1.  Divide  1+2^:  by  1— arand  l+x  by  1— 2a?,  each  to  five  terms, 
and  write  the  20th  terms  of  the  quotient. 

2.  Divide  l+5a?  by  2+3a;  to  five  terms  and  write  the  16th  term. 

3.  Divide  a—x  by  a+x  to  four  terms  of  the  quotient,  and  write  the 
general  term.  Shew  ^Iso  that  if  the  sum  of  any  two  consecutive  terms 
of  the  quotient  be  divided  by  their  difierence,  the  quotient  will  be  the 
same  as  a—x  divided  by  a+x. 

4    Shew  that  ^+^    ^    («--%    (a--^    (fZ^-i.  &c 

and  ?^=l^t:^A±Z^J±Z^+,  &c. 
x+h  X    ^     a^  a? 

5.  Divide  a+hx  by  c^i»  to  five  terms  of  the  quotient  and  write 

the  nth  term. 
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6.  Yerifj  the  troth  of  the  following  divisioiis:— 

J+^-ft'"      *«      +       M        "■        a*        "*■      • 

a+hx_i   i^x'b   i-x" y    1— g* y  ,  ^^ 

az+b    a        a^z     "*"     (^x*  <^ic* 

And  shew  that  the  sum  divided  by  the  difference  of  any  two  con> 

secutiire  terms  of  the  quotients  gives  ■=- in  the  first,  and  — m.  in  the 

"        b+ax  ax+b 

last  two  quotients. 

7.  Divide  1  by  l—x+z*  and  by  «•— a;+l,  proceeding  to  six  terms 
in  the  quotient  and  obtaining  two  different  results,  in  one  of  which 
the  powers  of  x  continually  increase  and  in  the  other  decrease.  Which 
of  these  will  give  the  true  yalue  when  x=^3? 


Verify  the  correctness  of  the  following  identities  :— 
x+a  x—a  2{x^+a^+2ab)x 

{x^a){x^b)'^{x+a){x-hb)'  (ic»-a«)(a^-y  ' 

5+lla;+16a;«  3 26^+26^—1 

(2^5x^Sx^y  ^(2— 5x— 3a?»)*""(2— 5ir— aar*)' 


1. 
2. 
8. 


8+6a:»— 7a?*       3+4a?— 5a:"  42a?*— 13a;»— 64a:»+lla:+7 


(5— 3a:-.7a:*y"(5— 3a?— 7a!»)»""  (5— 3aj— 7a:*)* 

.     a:'— fl7+fla?(a?*— fl^)     a?'+fl^— aa:(a?*+«')     o^/^  i    »-a  •    4\ 
^-    5=^ ' ^^a'         ^  =  2tf(a?*+aV+a*). 

3g+2a?     3g— 2a?        16a?»  8x 

3fl— 2a?^3a+2a?^9a'— 4a?» ""  3tf +2a?' 
Ill  2a?+3 


5. 
6. 
7. 


2a:— 1     2a?+l""l— 2a?     4a:»— l' 
1  1  a?H-3     _  ^+3 

a?— l"2(a?+l)""2(a?»+l)"'i*— r 


g     5      1         1    _J 24       1         2a?— 3       1 

2"a?+l""l0*a?— l^S  *2a?+3"2a?+3'  1— a;»' 

g      a+b         a—b       2(g'a?+yy)     4(aV— yy») 
fla?+iy  '  fla?— Jy"*"  a^a^+l^   ~    <**a?*— yy* 
3        2a?+15         2         18(2a?+15) 


10. 


2a?— 3     4a?'  +  9-    2a?+3"     4a?*— 81 


11.  ^+y_  ^^      a^—xy^  jy—x 
y        «+y"''y*— a?»y"y+a:' 

12    ^*+^    g*— y    tf+J       tf*+2g»5— 2a«y+2ay+y 

•  ^^i^"'a*+y""a^"' 5*^=^^y 

IS  ^  4^9  a:» 


2(a:+l)     a:+2"^2(a?+3)         +l)(a?+2)(a?+3) 
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14.  1  .        2^         .  1 


15     ^      ^"^    4.^   i±^j.l  J^ 1 

8  «'-2a;+l"*"2V+l+6'«+l-(jqnO(?+TJ- 
2g    1 2  1 

•    (^-2)(a:-3)+(«-l)(2-;p)+(^-l)(z-2)"^- 
17  ^—5       _      2(a?— 4)  a?— 3 

(a:^4)(ar-3)     («-3)(«-6)+(«-6)(«-4) 
2 

(«-3)(«-.4)(ar-5)' 

18.   1+J-+_1_  .  _1 3 

«^«-2^(«-l)»T^d?(a:-2)""a?(«-l)(«-3) 
2g*--10a;'4-ll3^+2a?— 3 

«(«-)V-2)(«-3)    • 

19  1       _       1  1        .        1 

2(ar-3)     6(a?-2)     2(ir-4)+6(«-6) 
1 


(*-2)(a:-3)(«-4)(*-5)- 

XIV. 

Verify  the  coireotnesB  of  the  following  ezpressionB : — 

4««— eoJ+gj*     ^  ''     2a+3i~  2«— 3i 

3.  i-^ y*    U       (^-y*)*  (^y-y^X^y*) 

(y    *  /  •  (  «-y'^a!+y  J  '  y"»" 
5.    J_H-^     I     l-'^     }   .   f    1     .     1     )      1    ^ 

6.  { ?±2y+f  U  { f±2y_^  U 1. 

(  «+y  ^y  J       I      y        «+y  i 
7.    /  a+jgg— a;  \^  _^  J  a+a;    g— a;  1  _   2 
I  a—x    a+x )   '   {  a—xa+x )      a*- 

I        a^xf       \        a+xf       Xt^+x^f     a^+x' 

9      i     1  2 9      i  8y 5(8a;+y)y 

I  a?+y"*"a:— y     3a?— y  j    '  y*— 9a:»         4(3ir-.y)(ic»— y*)' 

10.    (1  J_.±Uif  _Ll 1 

\x  +x  +1/  i       I  1  +y  j     y(ay8+«+2) 


2aa; 


-.  =  1. 


XV. 

Shew  the  correctness  of  the  following  aggregates  :-— 

1.    l{<x+l)(a:+2)+a?(a:-l)(^-2)  } +?(a;-lXa:+l>-««. 
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«     1       1      1  1        .   x—l     x^+x+l 


10'(«— 3)*"'l6(a?— 3)«+500*ar--3'*"600'  a;»+l 

a^+x+l 
-  (x--3y(x'+iy 

l«    bje'*\a    efb'^ib    cja     b\a    c) 

^      ia    b    e     d)     fa    b     c.d\_a*     o»A*     dr 
^'    \  h^'a^d-i  )  '  \  6+S+5+C  /  ~ ?"«"*+««-?• 
a    b    a     c    be    {a+b + e){ah+ae'\-be) —Sabe 

XVI. 
Verify  the  accuraoy  of  the  following  equivalent  ezpresflions 

2.  abe+(b+c){o+a){a+b)  =  ab€{a+b+e)  1 1+\+\  }  • 

g    2ay+bx_l  (  ax  )     (  b    v  )  _,2bx^ay 
2bx       2\x'^a)\y^b)  2ay 

ja-^b    g^-y  [  _^  f  a+b    a^+b^  )      _  abja'-by 


5. 


r  g-1     3— 1     c-1  K    f  1     1     U  g^g 

2a4g—(g5 +<!<?+ 5cg) 
"■       be+ae^ab 
G.    ^^^_.     ^  (a+hXh+c)ic+a) 

a'^b'^c     a+b+c"^      abe{a+b+e) 
^    j^-^acx+^tte^b^+bejs^—ben^    a+bx 
a^+abx+{ae^<^+be)^+<^i^'~a+cx' 
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a  h  e         g»+y+g»+3tf3g       (5+g)(g+g)(g+3) 


10. 


12.  iJ-     JL        1     I'         1  L_         1 

13.  (a-^)^+(3-cy+(^^^)'        2  2         2    ^Q 

14.  g(^ + <^— <>)  ,  % + a—h)    da+h-^c) 

be         *         ac        *         ab 

=  (<»4-3)(^4-g)(g+g)— (a'+y+g'+2g^g) 

abe 

16  (g+<^^g     .     {b+d)ac     ,     (g+rf)a^ 

17  (a-by-{b^cy    (b-cy^{e^ay     (c^ay'-(a--by 

10. 1   -|-b 

19     g^«^— (g^+<g<^+g<?— 1)     air— (a+(j) 
3crf— (3+rf)         ~     be—i~ 

=  a  ,^_{ad+bc){be^l)-b(c+a) 
^  {bcd—b-^dXbc—l)     • 

\ad    be  )    \bd     ac )    \  cd     ab ) 


XVIL 
Seduce  to  their  sunplest  forms : — 


{a-b){a^ey  {b'-a){b'-c)'^'{c^b){C'-ay 


2. 


a  b 


;+7ir-.vA— :n+ 


e 


(«-6)(a— <^)^(J-a)(i-c)'^(c-fl)(c-i)' 


a — b  b — e 


c — a 


{h+e){c+a)'^{e+a){aJtb)^(a+b){b+c) 
4  <g+^  ft  +  g  g+g 
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^  ah he ea 

•   (a-.J)(a-.<?)"*"(i-a)(6-0     (<'-«)(«-*)' 
(^^,)»  (,,a)«  (^,^)« 

8  ^  ,  y  ,  ^ 

^(^-^)     ^     h\a^e)  c^jh^a) 

{a+h){a+e)  +  {h+c){b+a)'^{e+aXc+hy 
-Q         t^^he  l^—ea  f^-^db 


11. 
12. 


{l^c){e^a)  +  ((?-tf)(«-J)+(a-i)(i-r)* 
a+5  i+c  tf+« 

13  (l+g^)(l+<yg)  ,  (l+^g)(l+tf^)  ,  (l+tfg)(l+^g) 

•  •  (a-i)(c-a)  "^  (a-5)(J-<?)'  +  (h^c){e^a)  ' 

14  ^(tf+5)(a+g)     y(»+(?)(5+a)    g»(g+a)(g+a) 

•  (a^h)(a-c)  +  (J-.(?)(J-a)  +  (^-tf)(c-3)  ' 

15  g'(g+3)(g  +  g),y(6+g)(5+a)     c»(i?-htf)(g+3) 

(fl-i)(a-(?)  ■»■  '(3"-c)(4-a)  +  (c-a)(c-3)  * 

xvin. 

Heduoe  to  their  simplest  forms  the  expressions : — 
-  a — h  h — c  c — a 

{x^a){X'-hy  {x—b){x''c)^ {z'-aXx—e)' 
2  ar+g  x+h  x+a 

{X'-a){x^by{X''a){x—cy{x''bXx^c)' 
A  x^a  x—b  a?— c 

(a— 3)(a—c)(*—^)(*-«)  "*"(«—«)(<?— ^)* 
^     (^+3)(ar+g)     (a:+g)(3?+g)     (a;+a)(a:+5) 

(a-^)(a-c)"*"  (b-aXb—oy  (c— a)(cj-i)* 
g     (g— 5)(a:— g)     (j:— (?)(a?— g)     (a;— g)(a?~  ^) 

^       he{X'-af  ca{x^b)\  dbix-^cy 

{a-b){a-c)'^  {b-cYb^a)'^  [c—a){c^by 
g     (j?~g)(y-fl)(g^fl)     (ar-5)(y-^)(8-5)     (ar-gXy-g)(8-c) 

g  g^a? ocy i« 
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XIX. 

Determine  the  aggregates  of — 

,       1      ■      1      ,     J 

a{a—b){a—eyb{b—eXb—aye(c^a){e—Si 
he  ac  ah 

3  1,1,1 

{h-a){e^a){x+a)'^{a^h){e-h){x+h)^{a'-c){h-c){x+cy 

4  ___.-^ . ^ .  t . 

•  (a-6)(a-^)(a:-fl)^(6-a)(J-c)(a:-6)"^((?-a)(<?-J)(a:-0' 

5   ?!_ y  , j^ 

•  (a— J)(a— (?)(a+a?)     (a— ^)(i— c)(i+:r)"^(a— c)(^-i?)rc+a:)' 

a»  ^^ ^_^ 

(a-i)(a-7Xi+^")+(*-(?)(i-a)(a+(?)+(c-a)(<?-J)(i+a^ 


(6+c)(tf-a)(a-J)'»'((?+a)(a-J)(J-p)"»"(a+6)(i-(?)(c-a)' 

e     i ,  1  ,      ^.  _ 

•   (a-6)(a-(?)(a-cO"*"(6-a)(6-(?)(6-d)"*"(c-a)(<?-6)(c-c^j 


Pind  the  simplest  forms  of  the  following  expressions : — 

1         <»  ^  c 

6+c — a    (?+« — h     a+h — e' 

2.         1        .        ^        .        1        .        1 

tf+i+c    a—  J — c"*"? — c — (J  •  tf — a — h  * 

a  h  .  e 


3. ^ 

(c+a— 3)(a+i— (?)     {a+h'-c){h+o^a)^lh+e—a){c+a^h) 

4    (g+g— 5)(g+3— g)     (g+3— g)(3+c— g)     (^+g— g)(fl+(?~a) 
^     g(^-hc)      &(g+a)      c(fl+^) 

6  ^^^""^    g— ^+g        (5— c)' 

7  /  g^y— g'y+g'— q*  1    f  g+3  +  c_g+g— 5  ) 

'     I       tfi  5<?        J     la+c— i     g+5+tf/' 

a«^(6^g)»    y-((;-gy    g»-(g-^)' 

g«-(^-g)«    y-(g-g)»    (J-~(g-6y 

10    /  h-^e—^a    g+g— 25  ,  a+^— 2<?\    f     3— o  g— g 

^"-   Vi-g     ■*"    g-g     +—^-3  *  /  •  U+<;-2g+g+g-2ir 
g— 5      ) 

fl^-i— Og  )  ' 
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XXL 

Verify  the  equivalent  expressioiis-^ 


4. 
5. 


a+i     a — h    a — b     a+b 
-'    aS-^a-T-   "^^3+^4 -^4_^4- 

•   a%b+cy'-'ab{2b^-^3bc+c^)+l^lb+c)  "  a(i+c)- J> ' 
(<i+5+(^(a+5)— <?(g+(Q  _  a+b—o 
la+b+d)la+d)''clb+c)~a—c+d' 

<^(a— 6)(6— g)+6(a—<g)(g— (^)     J— eg 
c(a— 6)(a— d)+a(6— c)(c— -c]?)  ""  a— <?' 

g     (q— ^)(ft— cg)+(^— (?)(g— a)+(c^--a)(a— c)  _  0—5 

7     (tf'+y2)(J'+a«)— (ai+<a)*         s 
(a^+ya)(<j'— a:y)— ((w— 3y)*^  ""y* 
g    (g+3g)(3+gg)(g+g^)+(g— ^g)(5— gg)(g— g3) 

2 
^     (26— <?— g)»— (2g— g— 3)»      9(^~g) 
(g— tf)»— (a— J)»         "*+(?— 2a' 

'      tf»(6— g)+^(c— a)+c»(a-^)    ""'tf+i+c  ■ 
(gg-y)(a^-g»)+(a3-g»)(^c-g«)+(5c-g^)(gg~y) 

a^+h^+(^+db+ae+bc 


12. 


(tf— rf)(ft— g) 


•    (2a;-y-g)*+(2y-g-ar)'+(2g-:r-y)« 

(y-2)*+(2--^?+(^-y)* 

^"+y'+2* 

^g(c— ^)+c(j(a— g)+a^(6— fl) 

-    (a^by+{b^cy+ie--ay  ' 
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16.    (._«).+(y_J).+..-Mffc^±^e)i* 


Beduce  to  their  simplest  forms — 

1      /  2  1    20        180       420       280  )     fj 20        180       420 

280  1 

^-    ^+4  I  2(a!— tf)'''2(ar+«)~^+a)  )   * 

*•   (i_;ry)'-(;p+y)'-(l-«»)(l-y«)-4*y' 

4     1  ,  1-x    (l-;r)(l-a:^     (l-;g)(l-a^)(l-a:») 

,     }  ax'—ay'+2hxif  \*  ,  f  bf—l»i?+2asey  \ ' 

t  ?+?         i   ■•■  1 ?+? i  • 

g    {ay—hxf—{ax—ly)^(mf—hxf-\-{ax—by\ 

(<»+*)(y-^)       "^       (a-4)(y+«r     * 

^?        I  i+y  /  +^^V        t  y+i  / 

«»+a8+»«  f  1     n 

I  a+y    ar^y^^  a;— y  j        I  a?^  y  J        I  «— y  ^  y    x) 

I  a—bx^h  —  ax  /  "^  I  a^hx~'h'~ax  ) 

10     {a5-l-(a-5M" 

Jai-l-(a-6>i;}»-{fl-i-(a*-l)a?}» 

^^ {g3— 1— (g— %}« 

•  (1— «^){l+fl*+(i— *M— (a— i){<»+*+(a3+l)a;}' 

n.   (^+^)(tf*+y^g^     (5+g)(y+c'-a«)    (a+c)(a«+c'-y) 
ai  "r  ^(.  +  ^  ' 

12      /i±fj._if-.       8a?       1-3?  l_^P+^       4a^       l-a:' 1  , 
I  l-^ay+l+ar'+l— aJ*"'l+a;  J  "^  I  l-ar»"*'l+a;*"' l+a;«  J  ' 

14.    Jf(f±M?  (2*+y)V  I  s.  /  (^-2y)'»  ■  (ito-y)V  I 
I   (*-y)*  ^  («-y)*  i      I  («+y)*  ■*"  («+y)'  r 
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,.      f(a-26)V    (2a+h)V  \   .   /  (a+2t)V    {2a+Ffl^\ 

i«      r  (a:-2y)»a;  .  (ix-yY!,  \  ._  f  {x+'iyyx     (2x+y)'y  \ 

1  («+y)*  ■*"  («+y)'  i  ■  I  («-y)*  "  t'-y)'  ^ 

xxin. 

1.  If  «=«+6+c+rf; 

-then.  __+_j-+_+  -^=  {  «+ i+-c+5  /  •  '    *• 

2.  If  ««tf+i+c+c?+  ....  tontenna, 

find  the  value  of  ^5+^?+^  in  terms  of  a,  *,  <>. 

4.  If  ;^  =  ^,y-t;:f,8  =  i::-^  tlien^«+i:+y+»  =  0. 

a  ^  e 

5.  If  y+2+M  =  flx,  8+tt+a:»  Jy,  ii+a?+y  =  «,  a?+y+«-ii*; 
then  BhaU  .1-.+^+-^+^  - 1. 

6.  Ifa=?i:y,ft  =  l^,.=*-^; 

^+y       y+*      *+^ 

.,    .  l+a    l+i     l+tf     , 
prove  that  — ?—  .  _JL_  .  __J_  =  1. 

7.  If  ?(*-c)+^(c-a)+?(a-i)=.0; 

a:  y  * 

ihen  ?(«-y)+?(a:-2)+-(y-«)-0. 
a  ^  0 

8.  If2«  =  fl+^+c, 

.,         ,    „     1  111  «>c 

then  shall 1 --+ +-  =  -7 w — r:; T 

then  shall  (tf+i-tf)(a+<?^*)(5+c-g)  =  0. 

10.  If  ^+*?  .  ^M:f?  .  ^^  =  1,  a,  6,  c  being  each  greater  than  0  f 

41,     v  11     »'  y  «*         3 

^^  «^^  y+^37.+aq:?r^+arr6^-  -2 

11.  If  (g«-6c)(y-gc)(tf*-a6)-0, 

then  shall  ^/^^^      ^+^+^ 
then  shall -+-+-  =  _5g5^. 

XXIV. 

1.  Find  the  difference  of  -£-+-£-.  j.-£- and  -i-H 5+-^, 

a: — a^  x—h^x^c  x—a    x—o    a;— c 
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and  ascertain  if  the  value  of  the  diflference  is  dependent  on  the  value 
of  ar. 

2.  K;ry8-l,then(l+*+rT'+(l+»+*"')"*+(^+y+*"'^  '"^• 
8.  If  a  =  (J+c)«,  J=-(c+»)y,  c  =  («+*>; 
then  l—xtf—yt—zx—2xyt=0. 

«.  If-S^S-.  -^  V  =  ?S*-  then^+..,'+.. 

shew  that  (a?  -  a)*  -  (y  -  ft)'  -  ft*. 

7.  If  .+y+.  =  0;  then  '^(l=l)+y(^+<^ ^0. 

8.  If     ^    ,    ^    ^^   ^:  shew  that  either  number  is  equal  to 

h+x^  d+y     b     d 

he      ad 

"^  e^^'of  the  fractions  (£±|K£M,  ^^gj^.  ^^±^^ 

if  any  two  be  equal,  the  third  is  equal  to  either  of  them,  and  each 
to  —  1  :  a,  3,  Cy  being  unequal  quantities. 

jQ   T£  jab + ae'-hc){hc +ae^ab)  _  (^ah+aC'-heXah+hC'-ac) 

ab'\-bc — ao  ~~  hC'^^ac — db 

Jab+hc^ae){he+ae--db)  ,  then  shaU  a  =  ft-(?. 
ab+ae — be 

11.  Shew  that  for  all  values  of  x,  the  sum  of  these  two  expressions 

(^-^y      ,      i^-^y      ,      (^-^)'       and 

+  (  — I L.  I  («?—(?),  is  equal  to  a  constant  negative  quantity  r 

I  e-^a^e—b  ) 

supposing  a,  h,  c  constant  and  x  variable. 

12.  Determine  the  value  of  the  fraction    ,To^    «  ^^^^  a:=  — 1. 

13.  What  value  of  «will  cause  both  the  numerator  and  the  denomi- 
niitorof  the  fraction  ^^-^^"j^^'j'^  to  vanish,  and  what  i» 

the  true  value  of  the  fraction  in  that  case  ? 

14.  Eeduce     a^+6a;*+13a?+10  ^  ^^  ^^  i^^^^  ^f  ^  continued  firao- 

iP*+6a:»+ 14««+ 15a;  +  7 
tion,  and  verify  the  truth  of  the  result  by  reversing  the  process. 
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XXV. 

1.  Which  is  the  greater  fraction,  -^5  or  -JL_  ? 

1 — a'        1 — a 

2.  Shew  that  __4>—  is  always  greater  than  ,4--. 

(r      <r  0  *  a 

3.  If  m  be  less  than  n,  then  shall  — —  be  greater  than,  equal  to,  or 

less  than  — X — ,  according  as  0  is  greater  than,  equal  to,  or  less  than  &. 

4.  If  ^  and  -  be  any  two  fractions,  and  tn,  n  be  any  integral  num- 
b         d 

bars;  shew  that  ^"^^  ig  intermediate  in  value  between  f  and  - . 

mh+nd  0         a 

5.  Which  is  the  greater  fraction  ^?I1-^  or  ^^""^  ? 

ay-^ox       ax+oy 

1  2h 

6.  Prove  that  is  always  less  than .-— . ,  if  ^  be  inter- 

a+c  ^  ia+b){b+cy 

mediate  in  value  to  a  and  e. 

1  X 

7.  What  are  the  integral  values  of  x,  if  -(^+2)+-  be  less  than 

4  o 

l(«+4)+3,  but  greater  than  i(«+l)+i? 

2  2 

8.  If  2;+-  be  greater  than  3  :  then  shall  0^+-.  >  8. 

X  ar* 

9.  Shew  that  the  sum  of  every  fraction  and  its  reciprocal  is  equal 

to,  or  greater  than  2,  and  that  ^j.— 4--,j-^-i— i_->6. 

b^  c  *  a  *  b^a^ c 

10.  If  a,  bf  c  be  unequal,  then  a\b-\-e)+l^{a+c)+^{a-\-b)>^abc. 

11.  If  a,  ^y  (?  be  three  quantities  in  order  of  magnitude, 

a    b    c     b    a    c 

then  shall    +-+t>-  +!+-• 
c  ^  a^  b     c  *  b     a 

12.  Shew  thati-i — +_l_j.--4 — >  —4 — • 

b+e^a^c+a—b^a+b—c     a+b  +  o 

13.  If  a,  b,  c  be  such  that  the  sum  of  any  two  of  them  is  greater 

a.  h  t* 

than  the  third ;  shew  that  =— j. _l  — - , —  >  3. 

6+<j— a    c+a— 6  *  a-\'b^G 

XXVI. 

1.  Iffl+?-  =  l  and<?+l  =  l,  then  5+-=  1. 

b  a  e 

2.  If  a— —  =  ^— ^,  then  each  is  equal  to  c— — . 

a  b  c 

3.  If  a-^ab  =  1  and  b^be  =  2,  then  c  =  --—-, 

1— 2a 
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6.  If ^4. «  0,  prove  that  - — —J -  =  0. 

6.  If  ^+f  =1  and  ?+?  =  !,  then  ?^"  =  -l. 

b    z  c  *  X  abc 

7.  If  a:  =  -?+?.,  then  BhaUii::5  =  1:1?.  Ir?. 

1+^2  1+0?     1+e     1+s 

8.  If  y  =  ?±?f  and  2;  =  ?+i^;  then  shaU  or  =  f^,  provided  that 

c-^-dx  c+dy  c+dz 

^^+(^+ad+be=0. 

9.  If  ^!^AJ^!(^'X  then  1+1-.^-+^-;  and  conversely. 

a — d         b — d  abed 

10.  If  (a«+i«)o?«  =  l,  then  shaU  -^-L_iL.=«(fl+*)(a«+^). 

1 — bx     1+ax 

11.  If  o;y  =  a5(a  +  5)  and  o:*— o:2/+y'  =  «'+^'» 
tOiew  that  I  ?-|  I  {  |-?  }  =  0. 

12.  If?!=^^?y,andy;i:?:=??,then8haU?!r:^  =  ?5. 

a— i       2  b—c      X  c^a      y 

13.  If      ^^"^^     ^ _ac-^M_  ^^^  ^_j_3 ^ ^^^^  ^^^  ^^^^  fraction 

18  equal  to  J(«+i  +  c+(?). 

14.  Ifl/?4.?Ui/-.?Ui/?.?l,then8haUeach  =  A. 

15.  If  _^+^Lj._^  =  0,  thenor+y+s  =  0. 

a— i     J— c    <?— fl 

16.  If  — 1 h— !-4 —  =  0;  shew  that  o?  =  y  =  s. 

X — y     y — 2*2 — a 

17.  K  -?-  «  JL  =  -1_  ;  then  shall  ax+by+cz  «  0. 

b-^c    c—a     a — b 

18.  If  ah-^ae+hc^Oy  then  _J_4.--i_+_L_==0. 

cr — be  '  b^ — ac  '  r — ab 

19.  If  -£-  =  «,  -JL.  =  i,  -^ c, 

y+2         o?+2         x+y 

then  shall  ^  = ^ ?!_. 

a(  1  — *(?)     J(  1  — tf  c)  ~  (?( 1  — a^) 

20.  If  -^/-r^  ^  ^  y+"~^   ^    ^+"^y  ,  thena  =  i  =  tf. 
/  <M?+oy — C2     Jy+«5 — <w:     ax-\-cz — by 


21.  Shew  that  if   jH:!+5±£+^±y  I  =«, 

(     a;     '     y    ^     2     J 

id  < 4.— f— J >  -6,  then  a5  =  9,  if  o:+y4-s  =  0. 

I  y+«^s+a?^o:+y  J 


EESULTS,  HINTS,  ETC.,  FOR  THE  EXERCISES  ON  COMMON 
MEASURES  AND  COMMON  MULTIPLES. 

I. 

1.  See  Section  V.,  Art.  2,  pp.  1,  2. 

8.  The  numbers  12  and  6  ;  4  and  18  ;  2  and  36,  respectively  Mfil  the  conditions. 

9.  a;*  +  12a;»  +  49a;»  +  82ac  +  48. 

II. 

The  following  are  the  highest  common  divisors  : — 

1.  3x+l.     2.  x— 1.     3.  x—1.    4.  2x—y.     5.  x—a,     6.  x*  +  2x.     7.  8x^—2. 

8.  a;»  +  3x»  +  3a;  +  l.     9.  x-1.     10.  a;  +  2.     11.  x*-l.     12.  x-cc. 

13.  xy  +  ah.     14.  x'-l.     15.  l-ax.     16.  ac  +  a  +  ft.     17.  a  +  6+c.     18.  (x-1)*. 

Note. — In  the  examples  numbered  2,  3,  5,  9, 11, 14, 15, 18,  the  highest  common 
divisors  may  be  found  by  inspection.    See  Section  lY.,  Art  13,  p.  24. 

III. 
The  following  are  the  least  common  multiples : — 
1.  w(w-l)(»-2)(n-4)a«-»aj*.     2.  12aj*-41a:»+25a:«  +  16a;-12. 
3.  a{x+a){x-ay(x^+a*).     4.  3x«-lla;»-8z*  +  42a:»  +  19a;»-47a;-30. 

5.  (2a*  +3a»6  +  3a«&'  +  8a&»  +2ft*)(a«  +3a*6  +  a»6«  +a«6»  +3ai*  +  6»). 

6.  (a«+aa;+aj*)(a«-x»).     7.  a*-16a*.     8.  (3aj-l)(4a;-lX7x-2). 

9.  (aj*-y«)(x*+x«y*+y*).     10.  x*  +  10x»  +  35x«+50a;  +  24. 

11.  86(a*  +  6«)(a»-6>)(a-6)».(a  +  6).     12.  x(x  +  l)(x«+l)(x*-x+l). 
13.  x(x+l)(x*+x+l)(x*-l).    14.  (2x-3)(3x-2)(4x+l)(5x+4). 
15.  See  Exercises  XIX.,  No.  4,  p.  35. 

IV. 
1.  ass 8,  the  highest  common  divisor  is  x^  -4x+3,  and  the  fraction  in  its  lowest 

terms  is  ^  ~ 


x-5 

2.  It  may  be  shewn  that  x*  +y»  +«■  —  -  Sxys,  and  x*  +y»  +a»  «7xy2(yx— x'). 
The  truth  of  this  may  be  verified  if  xa2,  y — 3,  z=  -  5. 

3.  At  the  third  step  of  the  process  for  finding  the  highest  common  divisor  of  the 
two  quantities,  it  appears  that  the  question  is  reduced  to  ascertaining  if  a"*'*  -  ^'t 
is  divisible  by  a*  +  od  +  6', 

4.  It  is  sufficient  to  remark  that  the  quotient  of  an  odd  number  divided  by  an 
odd  number  is  an  odd  number,  and  the  sum  of  two  odd  numbers  is  an  even  number. 

5.  It  is  possible,  that  when  numerical  values  are  assigned  to  the  symbols  of  two 
algebraical  expressions,  and  the  greatest  common  measure  of  these  numbers  be 
found,  the  result  may  not  be  the  same  as  that  found  by  assigning  the  same  numerical 
values  to  the  symbols  of  the  highest  common  divisor.  This  may  arise  either  from 
the  relation  of  the  numbers,  or  from  the  introduction  or  removal  of  factors  in  the 
process  of  finding  the  highest  common  divisors. 

In  the  first  example,  the  highest  common  divisor  is  x*  +x+ 1.  When  4  is  sub- 
stituted for  X  in  the  two  given  expressions,  their  values  become  231  and  399,  and  the 
greatest  common  measure  of  these  two  numbers  is  21 .  And  when  4  is  substituted 
for  X  in  x'  +X  +  1,  the  highest  common  divisor,  the  result  is  21,  which  is  the  same 
as  the  greatest  common  measure  of  the  two  numbers  found  by  the  same  substitution. 

In  the  second  example,  the  highest  common  divisor  is  3x+4a.  When  4  is  sub- 
stituted for  X  and  1  for  a,  the  two  expressions  become  48  and  192,  and  their  greatest 
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common  measure  is  4d.  But  when  these  subetitntionB  are  made  for  x  and  a  in 
82 + 4a,  the  highest  common  diyisor,  the  result  is  16  for  the  greatest  common  measure 
which  is  different  from  48.  The  reason  of  this  discrepancy  arises  from  the  fact  that 
in  the  algebraical  process,  factors  have  been  rejected  which  are  common  measures 
of  the  corresponding  arithmetical  expressions. 

6.  As  the  common  divisor  is  a  quadratic  factor,  the  i^smainder  will  be  of  the 
{orm  px-hq,  and  must  be  equal  to  zero.  And  as  a;  is  not  zero,  there  must  be  |7»o 
and  9 BO,  from  which  the  required  condition  will  be  determined. 

Note. — The  second  remainder  in  the  process  is  bex*  +  (c*  +  6«  -  a^)x + 6c,  which  if  ^ 

equal  to  hc[x^  +  £l±51zi5l.» + 1).     If  m  be  put  for  c'  +  ^'-a*^  the  rest  of  the  pro-  ) 

be  be  ^ 

cess  may  be  considerably  simplified. 

7*  The  common  divisor  is  of  the  form  x  +  h,  and  the  remainder  does  not  contain 

X.    This  remainder  made  equal  to  zero,  when  reduced,  will  give  the  required 

condition. 

8.  Let  -^  and  — ^L—  denote  the  two  decimals,  and  suppose  r  to  be  the  greatest 

common  measure  of  77  and  q. 

Then  2)--!L,andif ??-,  .-.  ^^JL^'^ll^^^Tl.lO-. 

10«*  rlO«+«  if    10"  "^      1?^        pq 

9.  The  highest  common  divisor  is  a  quadratic  factor  of  the  form  x^  +px+q  if  » 
and  of  are  prime  to  each  other. 

10.  U  xi+ax  +  b'be  divided  hj  x+e,  the  quotient  is  sb + (a  ~  c)  and  the  remainder 
b-(a-e)c^ 0,  and  J "c(rt  -  c). 

If  x*  +  mx  +  a  be  also  divided  by  x+e,  the  quotient  is  x+(m-c)  and  th& 
remainder  a  -  c{m  -  c)  =  0. 

The  product  of  x*  +  oo; + 6  and  x+{m-e)  will  be  the  least  common  multiple.  If 
e(a  -  c)  be  substituted  for  b,  the  required  form  will  be  determined. 

11.  If  each  expression  be  divided  by  x-\-q,  the  remainders  will  not  contain  x.  If 
each  be  made  equal  to  zero,  a  value  of  q  may  be  found  for  each  expression,  and  by 
equating  these  values  of  q,  the  required  condition  will  be  determined. 


RESULTS,  HINTS,  ETC.,  FOR  THE  EXERCISES  ON  THE 

ALGEBRAIC  FRACTIONS. 

I. 

1.  See  Section  Y.,  Art  2,  p.  8. 

2.  Let  -  be  a  fraction  in  which  a  is  prime  to  6.    If  possible  let  the  fraction  -i 

b  b 

be  equivalent  to  the  fraction  ^,  having  its  terms  respectively  less  than  a  and  b. 

Then,  since  _ .^  .  %  _. ac,  and  ad  is  divisible  by  b.    Since  ( is  prime  toa,d  must 

be  divisible  by  b. 

This  is  impossible,  for  d  is  less  than  b, 

8.  For  since  ^=^  ;  .  •.  «— ^  ;  hence  be  is  divisible  by  d.    But  as  <2  is  prime  to  e, 

must  be  divisible  by  d.    Let  ^»m,  then  b^md,  and  a»  —  =me ;  or  a  and  (are 

d  d 

respectively  equimultiples  of  e  and  (2. 
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4.  The fraction5L!:^> ?,  if  6>a;  and  ^^<-,  if  h<a. 
b-\-x    h  ft+x    0 

The  fraction fLl£<?,  if  6>a;  and  ?Ll5>?,  if  J<o. 
6-aj      ft  h-x     b 

6.  Let  ->-,  then  ad>bc,  and  ad«s&z>  . '.  a(b-\-d)  >  b{a-{-c), 
b    d 

""'^•■- >rr^^ ''^"^'y' S<^^- 

b     b  +  d  .         d     b-\-d 

Hence  ^^  is  greater  than  %  bat  less  than  ^,  consequently  ^I-^  lies  between 
b  +  d  »  J  0+a 

^andl. 
b         d 

It  may  be  added  here,  that  the  fraction  formed  of  the  snms  of  the  nnmerators 

and  the  sums  of  the  denominators  of  three,  four,  or  more  unequal  fractiona  is  always 

intermediate  in  value  between  the  greatest  and  least  of  these  fractions. 

6.  For  let  -  and  —  ^  two  fractions  in  their  lowest  terms,  of  which  x  a  factor  in 
b        dx 

the  denominator  of  one  is  not  contained  in  b  the  denominator  of  the  other. 
Now  «+_l^«^±<^* 


b^dx       bdx 

And  if  -+A  be  an  integer, 
b^dx 

then ^-  must  also  be  an  integer,  which  cannot  be  the  case,  unless  cb  be 

bdx 

divisible  by  bdx,  that  is,  unless  cb  be  divisible  by  each  of  the  factors  of  bdx. 

But  b  and  e  are  each  prime  to  x. 

Hence  cb  cannot  be  divisible  by  a; ; 

.  * .  -+  —  cannot  be  an  integer. 
b^dx 

8.  See  Art.  8,  p.  9. 

9.  Let  |be  the  fraction,  then    j  |--'}'- j  f  j '-  Hl'-S  {M]. 

«dobvioudyj|JCi,le«ih.n{|j-_j|i--l,y3i|_-*|. 

10.  (a»+6«)(c^+d»)=(ac+5rf)«+(ai-6c)». 

11.  The  expression  is  equivalent  to  aj«H-2aj+8,  which  will  be  integral  for  all 
integral  values  of  x.  If  a;»  +  y»+s*  be  divided  by  as+y+a,  there  is  a  remainder 
-Syziy+z). 

II. 

1.  5.     2.   "11?.     8.  •0958103.    4.  +4.     6.   -^.     6.  — .     8.    ^^ 


8  180  .  a  77  (24)» 

i  and  — .    10.   -86918  .  -  .  . 
6a  4a 

IIL 

;  The  H.  C.  D.  is  x+Z  Lowest  terms  ^111 

aj+1 


2    x+a 

8    x-2y 


•••         •■ 


I  •  •         «• • 


Zx*{x*+ax+a*) 

7a*{x+a) 

2a;4-8y 

3aj-2y' 
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4  H.  C.  B.  18 
5 


6 

7 

S 

9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

Note  to  14, 


x-y 

2«-l 

{3aj«-2aaj+a«)a 

l-2ar+8a:« 

aj»-8a;*  +  3a;-l 
aj(a;*+2a;+2) 

aj-3 

(a;+2)(a;+3)(2a:+l) 

x-1 

Zx-2ij 

x-l 

x+a 

(6+c)(a-6) 


Lowest  ternw 


r«»        ««• 


(5a;-l)g» 
2*»-l   ' 

bax{2x+a) 

3a+2a 

l-aj» 


(a-l)a:+l 


I  •     *•, 


I  •     ••  • 


>•     ••• 


••     •« 


••     ••• 


••     ••• 


••     ••• 


■•     •»• 


l+x+x* 

x+2 

jc'+aj-l' 
1 

aj«-2a:+2' 

10a;«-24a;  +  15 

6x»-21aj»  +  24x-18* 

x*+l 

x^-1' 

5x*-^x*+x+l 

x*-l 

x*-xy+y* 

x*-^xy+y^' 

S{x*  +g«  +z  +  l)g»  -  21(a;'  -f  g  +  l ) 

*2l{x*  +x+l)x*  -S{x*  +  x'^  +x  +  iy 

x'^-bx  +  b* 

x*-{'bx  +  b^ 

db-ae  —  b* 


a{ab  +  ac-b'') 
Bx-{a  +  2b) 


x'*  —  {a  +  b)x  +  ab 

(a^+a  +  '\)x^  +  {a-\-l)x-l 

(a-l)aaj>-(a  +  l)aj-l 

If  the  numerator  be  subtracted  from  the  denominator,  then  the 
remainder  is  21(a;*  - 1)  -  21{x  -l)x^  -  8(a;*  - 1)  of  which  each  term  is  divisible  by 
aj-1. 

If  the  factor  b+c  he  removed  from  the  numerator  and  the  denomi> 
nator,  the  highest  common  divisor  of  the  resulting  numerator  and  denominator  will 
be  found  to  be  a  -  b.    This  will  be  found  to  be  the  shorter  process. 

IV. 

1  H.  C.  D.  a«&»,&,ai(a-6),a;-y  Simplest  form  ^,   5^?,  -?,  ?!  +  '^'t!^. 

noy     a  +  b    a  x-y 


2 
3 
4 
5 
6 
7 


a+6+c 


2a-b 

o«-l' 

a+b-^c 

a-b-G 

1 

a+b  +  e 

a±b 

a-b' 

x^-y 
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8H.  C.  D.  a  +  h  +  c       Simplest  form  ^t^5. 


9     2+6 


10 

ay-hbz 

11 

1+yz 

12 

6+rf 

13 

Zx-2 

14 

a  +  h+c+d 

I  • •  • •• 


•  ••• 


86c  +  6m» 
4ad  -  7ra  ' 

ax  +  by 

ax- 


15     x-ry 


1+x* 

g'+c* 

(a  +  rf)(6  +  c)' 

Bx-y 

2x*-y*' 

a+b-c-d 

a-6— c+(i' 

h*{y-\-z)-¥ah{Z'-z) 

h^iy  +  zj-ab^x-z) 


V. 


1     29a;^, ^.8aj       «    88a; -2       «    541aj       .    a6  +  ac  +  ic 
I.    — ora:+ — .      z.  .      o.  .      4.  . 

21              21                 7                   504  a6c 

^    oyz  +  ftag  +  cay       -    a*b*-ha^c^+b^c*       ^    1       g    g»+a» 
^         *        '               abc            '        '  2'       '  a'-o*' 
9.   _?^±i_     10.  2(?aMJ^)      j^    a«+6«      ^^^  ^^ 
a;«  +  4a;-21                9x'-4a«                   ab 
13     _g^-2ga;+&'      2^    a;*~gy+2y*      ^^    a-{-bx 
{x-a){x-b)'        *      a5»-4y*     *        '  c  +  ax' 
16.   «'+»V+<".     17.  0.    18.   2r»_ jg      ^'y(»'+P*>. 

VI. 

,2aj       o        a?  Q        4a? -13  j    2x+l       ,.          a7>         •      « 

85                20  lOx  6a;                  a-6            b-\-e 

^              1 g     Aah          g  (m - 7i)afa; -  (m  +  n)a<;      *q    o*  -  2/ic-f  ft* 

(a;-3)(j;-4)  a^-ft**        '  ft«a;«-ca                     '        o«— 6» 

11     (g— ft){(g  +  ft)J?-gft}      12    (<'*+^*)^--(«  +  ft)^     18    -Hi 
(a;-a)(a;-6)       '        '    (»— a)(a;-6)(a-6)  '        *      166 
1*    a5»-«y«  +  2y« 

VII. 

The  examples  nnder  this  number  offer  no  difficulties.  For  the  redaction  of  the 
continued  fractions  in  Ex.  10  reference  may  be  made  to  the  note,  pp.  5,  6  of  Sect.  IX. 
of  the  Elementary  Arithmetic,  where  the  redaction  of  a  continued  numerical  fraction 
is  fully  explained. 

VIII. 

1.   ?^^?y!.      2.  ^^+2  +  ?i      3.   -^.      4.  -f^-      5.  5l±I^'. 
4a;y-6y"  bx  ay  72J  a*-j;^  xy-y^ 


6.   ^^'^•yy\     7.  1.     8.  2(x+y).     9. 


a;« 


a;-y  "^  (3-2ar)(4  +  3x) 
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18     "^     108       9 

1225    5    735    3      a«+a^+fr> 

IX. 

1.  db. 

2a*   "     2a6     "   2a6   "      2aA 

2a* 

4    ^_«*-(ft  +  c)*_^_(a+6-fc)(a-5~c)_.^_g-ft— c     2(6+c) 
(a+6+c)«  (a-ift+c)«  aft+c^a+i+c 

K      2(6 +  c) 

**•   r — • 

o-o-c 

e     (g+6){(a+6)*~c^}  (a-i-5){(q-i-ft)^-c*} 

•   4*»c»-(a«-*«-c«)«'*(26c+a«-6'-c«)(26c-a«-f*«+c») 

(g+5)*{(g+6)«-c«}         ^  (g  4-  6)(a  +  5 + c)(a-h  6--c) 

■{a«-(J-c)«}.{(6+c)«-a«}""(«+^-cK»-*+cX*+c+»)(*+c-"«) 

rt  +  6 

""  (a  -  6 + c)(6Tc^^' 
7.  d*.    8.  a+6-c-i. 

g    (a+&+c~d)(a  +  6  +  <?-c)(a  +  c+(Z-5)(ft  +  c+d— g) 

4(a*  +  cd)* 

^^•^■{— ^—  1    "P-"        2a6         I'P-        2a6        3' 
Sabstltate  for  a;*,  and  the  redaced  expression  is^ 

(g  ■f&+c+d)(g+6-c-rfKa  +  c— &-rf)(5  +  c-g-rf) 

4(a*-<JoO* 


X. 

1.  15.    2.  -1     3.   l?tll?.     4.   ?^ .    6.   (g«-a6  +  6«)a5. 

32  6  5  a!*-ax  +  g» 

6.  -5?_   7.  g*.   8.  ?:l±-*i.    9.  i^?L!:^>.   10.  <^-*>\   11.  (i±yll 

g*-*'  a:  3(c  +  x)  (a  +  a;)»  x»-y« 

12.    (^*-y')\     13.  1.     14.   (g-.*-c)«. 

XI. 
The  following  are  the  respective  quotients :— 

1.   2:c«+l.     2.  ?-?^*.     8.   ^-l+l     4.  5£!-5:..+*+9. 
3  ax  834  2  4 

46      56»    86»  2  a*     a      X     »«  g» 

Xll. 

1.  l  +  8aj+8««  +  8«*  +  3x*4  ....  H  3a:'»+  .... 

1  +  3a;+«a;«  +  12as»  +  24aj»  |  .  .  .  .  +3.2>».a;>»+  .  ... 
^    1^7aj    21x«^63x»     189j:*^  .7.3»*.aj»» 

2  4        8         16         82  2»« 
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8.  i-±r+^r_-=i_+ 


«• 


K    a,{ad+he)x,{ad+hc)ax^,(ac-^bc)d*x*,  .  (rtrf+ftc)<i*-«a?*-i 

•>•      —  +  ^  +  ■  +  ■  T    •    •   •  +  ■  *t*    •  •   •  • 

c  e*  c*  c*  c» 

7.  l+a;-a;«-a:*+a:«+a;'-«»-aj'»+ 

+  — -^ ^ T X •  •  •  •  • 

»»    X*    as*    a*    «•    «• 

XIII. 
The  operations  under  this  number  involve  no  difiScnlties. 

XIV. 

The  multiplications  and  divisions  contain  no  anomalies  which  require  remark. 

XV. 

The  exercises  under  this  number  require  no  remarks. 

XVI. 

The  first  eleven  examples  under  this  number  offer  no  difficulties. 
12.  In  this  example  it  may  be  shewn  that. 

"       ..+  .        2.        -0. 


(b-c){e-a)    {c-a)(a-b)     {a-bXb^c) 

17.  Each  fraction  may  be  simplified  as  the  first, 
(a-&)»-(5-c)»  ^  (g-&+&-c)(g-&-6+c)  ^  (a  -  c)(a  +  c-2&)  ^  g+c-26 
a^  +  ab-bc-c^  (a» -c*)  +  6(a-c)  {a-c){a  +  c  +  b)       a  +  b  +  c' 

18.  The  shortest  method  here  is  to  reduce  each  expression  to  the  same  identical 
form. 

aO  be  cu: 

(a+6)«-c»  .  (6+c)«-a«     (c+a)«-6« 
ab  be  (tc 

^(a  +  b+c){a  +  b-e)^{b  +  c+a){b  +  e-a)_^{c-^a  +  b){c  +  a-b) 
ab  be  ac  * 

=  (a+ft+c)-  J -^  +  — + { 

(      oo  be  cu:      ) 

^{a  +  b+e){2ac  +  2be  +  2iah'-a*  -b^—e*) 

aJbc 

NextJ4a6.(a+5-c).|.{^  +  ^+i} 

-  [4a*-(a+6)«+2(a+6)c-c«]  .  |  ^-!^^  | 

<s  (2ac+2at+2&;-a«-t»~c*)(a-|-5-|-c) 

ode 

XVII. 

1.  0.      2.  0.      8.  0.      4.  0.      6.   -1.      (J.  i.      7.   +3.      8.  a  +  6+c.      9.  0. 

10.   0.     11.  - — ^ — -.      12.  0.      18.  1.      14.  a'^-^-b^-k-c^-k-ae-k-ab+he, 
(6-c)(a-6) 

(a-6)(a-c)  "     a»-(fr+c)  +  te     "      {       (a-6)(a-c)i* 
Siiniiarly^ffii:f)(j±^),6»jl4-,   2(^^^^)L{, 
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^  c*{c  +  a)(e+b)      ,  j  ^       2{a  +  h)e    ) 
(c-fl)(c-6)  i       {c-a)(e-b)) 

Then     ^(^  +  <^)^*    -   ^(a  +  c)b*   ^    2     ({b  +  c)a*_(a+c)h*\ 
{a—bjia—e)    {a-b)(b-e)^a-bX    a-e  b-e     ) 

^    2    S  {b*  -  c^)a*  -  {a*  -  c^)b* 
"a-6l  {a'-e)[b-c)  ' 

2       (a«ft«(a«-ft«)~c»(a*-3*)'> 
"a-6'J  (a-c)(6-c)  i' 

**  (a-c)(6-c) 

And  2{o'^'(fl  +  ^)-cMa*+&*)(g+^}_,.  2(g  +  ^)c* 

(o-c)(6— c)  (c-a)(c-5) 

_2\{a  +  b)c*  - (a+b){a*  +  b^)c^  +  (a  +  h)a^b''} 

2(«  +  5){c^-(a«  +  &*)c»+a«5*} 
(c-aXc-6) 
^2(fl  +  6)(c«-a»)(c«-&«) 
"  (c-a)(c-ft)  ' 

-2(a+5)(6+c)(c+a). 
And  the  sum  of  the  three  fractions  is  «■  +  6'  +  c*  +  2(a  +  5)(6  +  c){c + a). 

XVIII. 

1.0.     2.  |^1Z|^!4;±£1)       3.0.     4.1. 

r    p.^^    g—c  (  g— &_g— g  )      x—c  (  '-x{a—b)  +  {a^^b^)—c{a'-b)  \ 
a-b\a—c     b-'cS^a—bl.  {a^c)(b-c)  ) 

—  (x—c){x—a—b+e) 
(a-c){b—e) 
Xext  (^"" ^Xa? - ^)  _ (g-c)(g-g-ft  +  c) 
(c-a)(c-6)  (a-c)(6-c) 

x^  - (a  +  b)x+db -  {x*  - {a^b)x+{a  +  b)e- c^} 

(a-c)(6-c) 

6.  1.      7.  aj«.       8.  (aj-a)  +  (y-6)  +  (»-c). 


XIX. 

1.    ---.     2.  -— '.     8     « .     4.   - . 

abc        '  abe        '   (x+a){x+b){x+c)'       '   {x  -  a)(x  -  b){x  -  c)' 


{a + a;)(6 + x){e +x)  (a + b)(b + c){c + a) 

7.  Sometimes  by  separating  each  fraction  into  two  parts,  the  process  may  be 
simplified. 

b+e-a        _^ b+G  a 

<6+c)(c-o)(a-&)"(6+c)(c-a)(a-d)"(6+c)(c-a)(a-6) 

_  1  a 

"  (c  -  a}(a  -  6)  ~  (6 + c)(c  -  a)(a  -  J)' 
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fiimikrlT  c  +  a—h         __  1 h 

^^^  {c+a){a-b)(b-e)    (a-b){b-e)    {c+a){a-b){b''cy 

««./!  a+b-e  1  e     

\a+b){b"e)(e-a)    {b-c)(c-a)    {a+b){b^c){e-a)' 

Then, \ + 1 +   .  ^  _  ^  -0.    Sec.  XVII.    Ex  1. 

And  the  aggregate  of 

-  }  «  +     ? + ? ( 

l  {b  +  e){c-a)(a-b)    (c+a)(a-6)(6-c)     (a+b){b-c){e-a)  S 

wiU  be  found  to  be     c(a»+a5  +  ft^-c«)     ^ 

8.  Add  the  first  two  fractions,  next  the  other  two,  and  the  sum  of  the  results  is 
zero. 

XX. 

J        6*  +  (a+c)5»-(g  +  c)^6-(a-c)«(a4-c) 
(6+c-a)(a  +  6-c)(c+a-6) 

2     ^^ 3  1  4    4 

.  2(a  +  6  +  c)a6c  «      4(6— c)      ^     4(a«-c«)      «    - 

(6+e-a)(c+a-6)(a  +  6-c)  a-fo-c  ae 

g    (5+a~c)(g+c-&)(6+c-a) 

10.  Lety-ft+c-2a«(c-a)-(a-5) 
««c+a-26-(a-6)-(6-c) 
aj-a+6-2c=(6-c)-(c-c) 
.'.  a!+y+2=0, 
also  c-a=^±|zf,  J-c-^±|:J^,  ^,^^y4-z-a?^ 

XT a+b-2c^b  +  c-2a^e'\-a-2b         2x       ,       2y      ,       ^ 

Hence r —  -i — r + =■ +  — ^ — + , 

a-b  0— c  c— a       y+2— aj    x+z-y    x  +  y—z 

-235     -2y     -22"       * 

c,.    .1    1        a— J      ,      J— c      .      e-a        — 2a;,  — 2y.  ~2«        « 
Similarly   +- tt-^ t^^—^ —  +  -^r-^+-:;— ''~"» 

Hence  the  product  of  the  quantities  «  —  SX—S-^+O. 

XXI. 

-    (a4-6+rf)(g+5)— c(c+<f)_(a+6)»-c*  +  (q+6— c)d 
(a+6+d)(a+d;— c(6+c)*(a+d)«— c»  +  (a+d— c)6 

_(a  +  ft+c)(a+6-c)  +  (g  +  6— c)<£ 
(a+<i+c)(a+d-c)  +  (o+d— c)6 
_(a  +  6— c)(a  +  6+c  +  rf)  ^  o  +  6~c 
(a+d— c)(a+d+c+6)    o^^T+S" 

8.  The  faction  when  reduced  U  ^^+f +/+''>. 

9.  By  means   of  the  formula  x*-^y*»{z—y){x*+xy+y*),  the  expression  i» 

Induced  to  J(^0(«'  +  ft'-H^'-«^-^"^) 
(6+c-2a)(a»  +  6'  +c«  -aft-otf— 6c) 

10.  By  inspection  it  may  be  seen  that  b—c  is  a  common  factor  of  the  numerator 

and  denominator.     When  Uiis  factor  is  removed,  the  fraction  is 

{b+c)a»-(b^-^bc+e*)aj+by    anditehighest  common  diyisor is a«- {6+ c)a+aa. 
a»-(6«+6c+c«)flH-6ct6+c)   *  ^* 
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11.  After  redacing  and  arranging  the  quantities  according  to  the  descending 
l>owers  of  a,  the  highest  common  divisor  will  be  found  to  be 

12    Here     i<^^cd)(a*  +b^-e*  -d^)-{ac-{-hd){a^  -h*  +c^  -d^) 
(a«  +  6»-c»-d»)(o«-6"+c«-d»)  +  4(aA  +  crfy(ac  +  W) 
__   {ac-^bd+ac+bd){b^-c*)  +  {ab-\-cd-ae—bd){a^-d^) 

{a  +  d)(b+c)(b^-c^)  +  (a-d)(b-c){a^-d^) 


^  {a+d)(b-e){(b+c){b+e)-h{a-eri{a-d)} 

(a«-rf»)»-(6»-c*)«  +  (a  +  d)«(ft  +  <j)«-(6-c)«(a-«^)« 
^       {a  +  d){b-  e),{{b  +  c)^  +  {a-d}*}  u     r 

{(a+flr)^-(6-c)«}.{(6+c)«  +  (a-d)»} 

_     (a+d){b-e) 

15.  The  first  expression  may  be  arranged  in  the  form 

(c«-y){tt*-(c«+y)a«+yc«}_(c+ft)(c-5)(o«-y)(g«-c») 

{c-b)[a^-(c+b)a+bc^^      "  {a-b){a-^e) 

-(c+6)(a  +  5)(a+c). 
The  second  in  the  same  manner. 

-  3(y  -  <^)a* + 8(&*  -  c<)tt«  -  85«c«(y  -  c») 
-  3(6  -  c)a*  +  8(6*  -  <i8)a  -  Sbc(b  -  c) 

a*-{b  +  c)a  +  be  {a-h){a-c)  \        /\        a        / 

16.  The  given  expression  when  reduced  to  an  improper  fraction  becomes 

(1  +  fflj  +  'n?){x  -  g)* + (1  +  m' + n')(y  -  &)' + (1 + m*  +  yt')g'  -  {z + w(a;  -  a)  +  iv(y  -  fc)}* 

l+77i*+na 
and  when  the  terms  of  the  numerator  are  expanded,  they  are 

(1  +  OT«  +  v?){x  -  a)'= (05  -  a)'  +  m'(aj  -  a)j + i^{x  -  a)«, 
(l+m>  +  nJ)(y-6)s=(y-6)«  +  m«(y-6)«  +  fi»(y-6)», 
(1  +  m> + n«)2'=2J + w*s> + n«t», 
-  {2+in(a;— a)+n(y-ft)}>=  -  a*  -  2»i«(a;  -  a)  -  2»2(y  -  ft)  -  m8(aj  -  a)* 

-  2mn{x  -  a){y  -  ft)  -  n'(y  -  ft)*. 
Here  s'-r',  m'(aj  -  a)*  -  m'(j;  -  a)*,  n*(y  -  ft)' -  n'(y  -  ft*)  disappear,  and  the  re- 
maining nine  terms  may  be  arranged  as  follows  : — 

{x — a)*  -  2jm{x  -a)+ mh?= {x-a— mz)\ 

(y-ft)*— 2«i<y-ft) +  n^=(y-ft-7i2)a, 

fi^(a;— 7i)*  -  2OTn(a;— a)(y— ft)  +  fn'(y— ft)'=  ^n^x—a)  — wi(2/— ft)}-. 

Hence  the  given  expression  becomes  by  substitution 

(ag—iwg-~a)*+(y— nz-^ft)'+  {n{x^a)—m{y^b)Y , 

l  +  wi*+»» 

XXII. 

J     (a;-l)(a;-2)(a;-8)(g-4>      «     J  a*+a*  )»     «    ^ 
•   ~(a;+l)(a:  +  2)(aj+3)(zT4)"  J  i^^::^  T     '''  "' 

^'   ^  +  ^ "/f'l'^ fn  T ^"^wT?^ 7r-     6.  a»  +  ft«.     6.  2(ay-6a:)'  +  2(ax-fty)». 
(l+x)(l+z«)(l+a;*) 

7.  i{caj+y)» +(y+2)« +(«+«)» -2(a;«+y«+5«)}.     See  Ex.  12,  p.  30,  Sec.  IV. 

g        a;(x  +  2y)  ^     oft(l-g*)      ,q    (l-g«)(l  +  ft«)-f  2aft{a-ft)a; 

a:«  +  4aT^-2y«'       '   2(ft»-aV        *        (l-a»)(l -ft«)(l-a:«)     ' 
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11.  2(a+5+c).      12.4.     13., ^y^ll—-.     14.?l±|!toX 

Tu    a^  +  idb  +  b*       ^a    x-y 
a»-4ad-6*  x+y 

XXIII. 

1  and  2  oflfer  no  difficulties. 

3.  a»a5-a;» -xys,  h^y^y*-xyz^  c^z^z*-Zxy; 

.'.  a«a;  +  6«y+c«z-a;*+y»+«»— Sayz— (x+y+sXaJ»+y*+2«— a:y— jsj-y*) 

aj  +  y  +  z 

4.  Shew  that  xyz  and  x+y+s  are  equal  with  contrary  signs. 

5.  Adda;  to  each  side  of  y+2+tt«aa;,  then  »+y+a  +  ii«s(a+llc, 

and  aa Similarly  for  each  of  the  other  three  expressions. 

a+1    x+y+z+u' 

6.  Sincea=^^,  .-.00;  + ay = a;- y,  and  (l+a)y=(l— a)« 

x  +  y 

...?«1±^  ;  similarly  ^=11^  andf  =  1+?. 
y    1-a  2    l—b         X    1— c 

Whence  l+J^.L^.^f -?.».£=!. 
1—a  1—6  1— c    y  z  X 

7.  Multiply  by  ary;,  and  armge  the  terms  so  that  x,  y,  z  may  be  incladed  in 
brackets  in  the  same  manner  as  a,  6,  c  in  the  given  expression. 

8.  The  sum  of  the  numerators  of  the  four  fractions  when  reduced  to  a  common 
denominator  is  i8^—Z[a-\'b-\-c)s^-\-2{aJb-\-a£-\-he)8—ahc,  which  when  reduced  and  the 
substitution  for  8  made,  the  result  is  a&c. 

9.  The  given  expression  can  be  put  under  the  form 

— 267—"  ^-^        2ac       +^+—2^ ^"^' 

2bc  2ac  2ab 

Whence  a(6— c+a).(6— c-a)4-2^c+a+6)(c+a— ft)+c(a-6+c)(a— 6— c) 
=  (a+c-fe).  |c(a— 6— c)4-6(c+a+6)-a(6-c+a)}, 

=(a+c-6).{J*-(a-c)*}«(a+c-JX*+a-c)(6+c-o)=0. 

10.  First  add  the  three  fractions,  then  as  the  sum  is  equal  to  unity,  the  numerator 
of  the  sum  is  equal  to  the  common  denominator. 

Wlience  there  results  a'  +  6»  +  c»  - Zabc ■» 0,  and  a*+b*+c*^ Zabc^ 

or  (a  +  6  +  c)(a«+ft«+c'-aJ-ac-6c)— 0. 
Taking  a +  6  +  c«0,  then  a*  +  &*  - c« ■»  - 2aJ,  a«+c« -6'— -2ac, 

and  4*  +c'»  -  a*  —  -  2ic. 

Whence  _«' + ^! +__f!_=  _1 1  ^V^4-^  | 

__l(a^  +  b^+c*  I 
'^     tii        abc        )* 
■1-1  3afe^  _  8 
*"     2'  oftc         2* 

11.  Here(a«-6c)(6«-ac)(c«-a6)-0, 

or  a^b^c^  -  b*c*  -  a»c»  +  abc*  -  a*b*  +  b*ac + a^bc  -  a»i*3«  ^  0, 
.'.  a»&»+o»c»  +  6»c»=aJc*+flk?&*+6ca*, 

and  dividing  these  equals  by  a^b^c*,  there  results  — -+—  +_»fLilfLi£-. 

a»    b*    c*        a^b^c'^ 
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The  student  may  try  to  resolve  a»6'+a^c^+Wc»— o5c{a*+6'+c») 

and  «•&* + W + cfii? + aic(a3 + 6» + c* + 2adc),  each  into  three  factors. 

XXIV. 

1.  The  difference  is  -^ ^ — rrr r  ®'  ^• 

(x— a)(a?-6)(a:-c) 

2.  Hereo^-il  and  y——  andxE»-<, 

xz  y 


then 


l+«4-l     1+z+i     l+y+i    l-^x+sz^l+x-^xz^  l+x+zx     l+ar-f;rz 

3.  The  snbstitations  for  Xf  y,  s  being  made,  the  expression  becomes 
^_         ah  be  OA  2fl5c 

(a+c)(6+c)"(a+c)(a+6)"'(6+c)(a+6)''(a+^)(6+c)(c+«)* 
which  when  reduced  gives  the  required  result. 

4.  Only  requires  the  substitutions  to  be  made  for  x  and  y, 

5.  The  truth  of  this  may  be  directly  shewn  by  simply  substituting  for  x  and  y 
their  values  in  terms  of  a  and  h. 

Or  indirectly,  by  assuming  the  result  as  true,  namely,  «'+y— y'+a^  then 
aj3-y»=a5-y  and«*+ajy+y«=l,  and  if  for  ajandy  their  values  be  substituted, 
the  sum  be  equal  to  unity,  and  the  truth  is  proved. 

0.  z  — a= ; ,  y  — OSS' , 

4(a+6)         ^  4(a-6)       ' 

then  (a:-a)«+(y-5)«=MlfL±5)!5!=&« . 

7.  The  given  expression  is  reducible  to  (aj+y+«)(a^+a»+y2)=0. 

8.  First,  -f — ^=-f 1  or  -J!^^--^.  whence  ada;(rf+y)=ftcy (6 +«) 

0+35     6    d  +  y    a        5(6  +  a;)    a(rf+y) 

and  h*ey  -  ad^x=xy{ad  -  &c),  then  dividing  these  equals  by  hdxy 
,    he    (Md_xy{ad-hc)     a     c 
'  dx     by~     bdxy      ~~&~5* 

9.  li  ab+cdf  ac+hdf  ad+hche  denoted  by  |?,  g,  r  respectively,  it  may  be  easily 
shewn  from  the  equality  of  the  first  and  second  fractions,  that  j7+g+r=0.  The 
same  condition  may  be  found  from  the  equality  of  the  second  and  third  fractions, 

whence  £±£=^±r=^±r==-l. 
T  q  q 

10.  Let«J+ac-&c=p,  hc+ac-db=qf  CLb-^he-ac^r^ 

then  ^=.^=?!! ,  whence  0=g  and  q^^r^ 
r      q     p 

and  restoring  the  values  of  j?,  q,  r,  ab+ac-he—he-^-ae-ab^  ,\  a=c, 

bc+ac-ab=ab+bc-ae,  .•.  c=6,  hence  a=6=c. 

11.  The  sum  of  these  six  fractions  may  be  put  under  the  form  of 

{x-a){x+a-b^c)    {x-h){x+h-a-e)     (x'-c){x+e-a-h) 
(a-6)(a-c)       "^       {fi^(F^       "*"       {c-a)(e'-b)       ' 

and  their  sum  is  " 'y^^tfj;  " '''  <>'  "  ^  a  constant  negative  quantity. 

XXV. 

1.  - — ^  is  greater  or  less  than  zZSt  according  as  1 + a*  is  greater  or  less 
1-a*  1-a 

than(l+a)«.  ^ 

2.  Shew  that  <a-6)«>0. 
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3.  See  Elementary  Arithmetic,  p.  13,  Sect.  IX.,  Exercises  YIII.  9-12. 

5.  The  former  is  greater  or  less  than  the  latter,  according  as  x'  is  greater  or  less 
than  1/'. 

6.  JL  is  less  than ?-, if  {a+b){b+e)  be  less  than  2b{a+e)  or  if  ae+h^ 

a+e  (a+6Xo+c) 

be  less  than  a5+5c,  or  if  {a  -  bjc  be  less  than  {a  -  h)bf  that  is  if  e  be  less  than  b,  and 

a  -  (  be  positive  or  a  greater  than  b. 

7.  X  may  have  any  integral  yalue  between  1  and  7. 

8.  If  aj+->3,  thena;«+2>3a;andl  +  -?>?, .-.  A>?_l, 

X  X^       X  X^      X 

anda:«>3a;-2,  .'.  aj*  +  ~>3(a;+l-l),  but  x+l>2.\  a;«+^>3. 

X^  X  X  iC* 

9.  If  a>6th€na-&>0anda«-2ai  +  ft«>0,  .'.  a*  +  6«>2a&,  and -  +  ->2- 

b    a 

10.  Let  the  expre&«<ion  a^{b  +  c)  +  6*(a  +  c)  +  e^{a  +  b)  or  its  equivalent 

ab{a  +  b)  +  ac(a  +  c)  +  bc{b  +  c)  be  divided  by  oftc, 

then^  +  ?+?+?+^  +  listhequotient,and?  +  *>2,?  +  ^->2.?  +  ^_>2, 
c     c     b    b    a    a  b     a         c     a  c    a 

.-.  ?+^+']^+?  +  ^+f>6,  0Tab(a+b)  +  ac{a  +  e)  +  bc{b  +  c)>6abe. 
c     c     b     b    a    a 

11.  Since  a > ft,  6 > c,  and  a>c  .'.  a-ft>0,  ft-c>0,  and  a-c>0, 

.•.(a-6)(6-c)(a-cj>0,  andi^::Mzill!:Li:£)>0, 

abc 

wheiice?-5  +  *-?  +  £-*>0.and«  +  *+'>£  +  ?  +  *. 
c     a    a    b     b    c  c    a    b     a    b     c 

12.  Let  &  +  c-a«a:,  c  +  a-ft=y,  a  +  ft— c«2; 

by  substitution  _  +  _-.■_  ^       ^ 


a;    y     z     x  +  y-¥z 
But  a:*  +  y'  >  2iC2/,  y*  +z'^>  2yz,  a;*  +  ««  >  2ax  ;  and  aj*3  +  y^z  >  2xyz, 

y^x  +  z^x  >  2j::y3,  jc*y  +  z'^y  >  2j5yz,  also  Zxyz — Sxyz.    Hence  by  addition 
x^y  +  a;y  *  +  a;*z  +  «s"  +  y*z  +  j/z*  +  Zxyz  >  Qxyz, 

or  (a  +  y + «)(a;y  +  0:5  +  y2)>  9ajy2,  whence  ^  "*"  ^  "*"  ^^  > 


xyz  x  +  y  +  z* 

_     _     _  9 

or 


lA.K 


xyz     x+y+z 
13.  Let  6  +  c-a=aj,  c  +  a-ft«y,  a  +  b-cz;  then  a  +  ft  +  c— aj  +  y  +  g, 

and2.x-y  +  2,  2ft«aj  +  z,  2e^x  +  y. 

Hence  _f_+_A_+_? ^1 1  y±£+^%£±y  L 

o  +  c-a    c+a-6    a  +  ft-c     2  *    a?         y  2     ) 

Suppose  a:,  y,  2  in  order  of  magnitude,  and  shew  the  aggregate  to  be  greater 

than  3. 

XXVL 

1.  Here  a=-^  and  a  *• — ,  .*.  -^-= from  which  the  required  cxpres- 

b  1  —G  o       1  —c 

sion  may  be  found. 

2.  Let  a  - — =5  -  -^—p ;  tlien  a»  -  bc^pa  and  5«  -  ae==pb, 

a  b 

.•.  (a«  -  ft*) +  c(a-^ —(«-&)/>  and/7=a  +  ft  +  c 

Buta-5?=.6-^,...  a-ft=*?.^,  from  which  a+ft=»-^,.-.l»=c-^ 

a  b  a     b  c  e  4, 
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S.  Equate  the  values  of  b  from  each  of  the  given  expeessions. 

4.  Here  flwj+a'=to+t',  bx+l*—cx  +  (f-f   from  the  first  x= , 

a-b 

from  the  second,  z= ;  equate  these  values  of  x, 

b-c 

5.  Since  ^^  +  izi=0,  theniLl^=,^^,and  (a-6)(l+ci)=(l+ai)(^-c), 

l  +  ab    l  +  cd  1+ab    l+cd 

,\  a  +  dbe-d-abc^b  +  bad-c-eadf  or  a{l  +  bc)-d(l  +  b€)=b{l+cui)-c{l+ad), 

or(a-d)(l+6c)=(6-c)(l+a^.  .^  ^=iL:^.andi^ 

l  +  bc    l  +  ad  1+bc    l-i-cui 

6.  •-:  =  l-_,  _=!-_,  and  -= ; 

b  z     c         X  a     c-z 

,   xyz       c     x-a  z-c        cK  *     <*I__<J*__     i 

rtic     c-«y        z  z  {        x)         z  c 

7.  Firat  i-x=i-Ati=l:i«j:f  tl-=(lziKL:£); 

1+C3  l+«5  1  +  63 

.  -  ,        -  ,  e  +  z     1+e  +  z  +  ez     (l+^Xl+r) 

next  l+a;=l  + = —- i. 

1+cz  1+cz  l+cz 

Thirdly,  by  dividing  the  former  by  the  latter,  L-^=l::f  .izf . 

l+x    1+e  1+c 

8.  If  the  value  of  y  be  substituted  for  y  in  z=- — M    and  the  expression 

c+dy 

reduced,  and  divided  by  6  +  c,  the  following  result  will  be  obtained  : 

/^-f5^±^W«-^^^;inwhichif^^^'=-6  and  Sl±¥=-c, 
\  b  +  c  /  b  +  c  b  +  G  b  +  c 

the  provision  will  hold  good. 

9.  Here  "'Hb -c) ^b^^J)^ ^  clearing  from  fractions  by  multiplying  each  sidd 

a—d  b—d 

hy{a-d){b-d\  then  a«{6»-(c+rf)6  +  cd}=&«{a«~(c  +  rf)a  +  cd}, 
whence  (c+rf)(6-a)a5=cd(6*  -a*), 

(c + d)db—cd{b  +  a),  dividing  by  6  -  a, 

d    c     a    b 
The  converse  requires  only  the  reversion  of  the  steps. 
10.  i»*«*  =  l-a»z*  =  (l  +  fla:)(l-aa?),  a«x«=l-6«a;*==(l  +  6*)(l -fc:), 

whence  _^=l:if5? ,  and  -^=5±^, 
1+ax       {c«  1+ax        x^    ' 

and  _^=1±*?,  and  -£l-=?^Zi^, 
l-bx      aV  '  1-to        a*     ' 

therefore -^ + -i!_  =^=(a + 6)(a«  +  6«). 
1-bx    l+ax      X*  ^  ' 

«  y         0  a;  a    6  jr^/ 

a;_(a+6)a^  y_(a  +  ft)&    ,^„h  g_y_(-t  +  6)(aj?-&y) . 
^         y      '  a        aj      '  6    a  xy  ' 

I  a     bS'  \b    a  )  a;«y« 
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12.  ?(£l-J^)=o-J,  '(y'-^)=i.c.  then  ^S^Z^+?^(^Lz^=a-c 

xy  yz  xy  yz 

or  S^(^-^=a-e,  whence  ^r^=^. 

13.  Pat  each  fraction  equal  toj?,  then  2p=a+b,  and  2p—c+d. 

14.  Let  each  expression  be  denoted  by  p, 

then  ics+aSssy'osg),  i/^+sfi=x*yspf  a^-\-i/^=z*xi/Pf 

and2(a^+j/j+s>)=|wya<aj>  +  3/«+c2)  .-.^^^     ^ 


*. 


xyz 


V.    b-c         c-a        a-o  J 

17.  Let  - — =Pf  then  35= (6  -  c)p  and  ax=a{h-  c)p, 

o-c 

similarly  by=b{e-a)Pf  cz=c{a-'h)p. 
Hdnce  by  addition  ax  +  bi/+cz=p{ah-ac  +  be-ab+ac-bc)=0. 
OthgrwJBf,  ^-(^-0«    &y__(c-«)&    c2?_(g-fc)c    .   ga;+6y+c£_   0    _^ 
2/        c-a   '   y       c-a  *    y       c-a  *'  '  y  c-a 

18.  Since  ai  +  ac+6c=0,  .'.  a'^-bc=a^+ab'\'a4:. 

Hence  -J-+^— +^_=      ^      .  j  1+1  +  1 }  =_L_.2*±i!£±*£=0. 
(is.^    b*-ac    di-ab    a-^-b  +  c  (a     &     c)      a  +  b  +  c         abc 

19.  Here  abc= ^ ,   and  a-aic=?'^— ^^^-2^)^^+*) , 

(x  +  y){y+2){z+x)  {x+y)(x+z){y+z) 

.«.     ^     -_(g+?/)(g+g)(y+g)  and  — —  -  =  _(-'g+y)(g+g)(y+g)_ 

''a(l-6c)  x*(a;  +  y  +  2)  a(l-6c)  jc  +  y  +  z 

By  a  similar  process  -—-^ — -  and  ,,  ^    ,,  may  be  shewn  equal  to  the  same 

&(l-ac)         c(l-a6) 

quantity. 

20.      "7-'         y+'-'-    .•.«±l^*=££±fcE^dl  to  each  and  reduce 
ax  +  by-cz    by  +  cz-cx        y+z-x    by  +  cz-ax 

to  improper  fractions,  then  — ^ — =- -^ —  ,  and  —^^  =  -, 

y+z-x    by+cz-'OX  by  +  cz-ax     b 

similarly  -£±inL=l ,  and  JLtlZl.  =1 . 
aaj+c3-&y    a  ax+by-cz     c 

Otherwise  let  the  reciprocals  of  each  =p, 

then  ax+by-cz=p{x+y-z)  \  then  adding  the  first  and  second  ;  next  the  first  and 

&y+cj-aa'=|?(y+s-a;)  > third;  and,  lastly,  the  second  and  third,  and  the 

ax+cz-by'=p{x+z-y) )  results  are,  2>— 6,2?— 0|  p^<h  aada—ft—c 
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A  Medal,  as  an  award  of  merit,  was  conferred  on  Mr.  Potts's 
Educational  Works  by  the  Judges  at  the  International  Exhibition^ 
Philadelphia,  1876. 

Critical  Remarks  on  the  Editions  of  Euclid. 

"  In  my  opinion  Mr.  Potta  has  made  a  valuable  addition  to  Gkometdcal  literature  by 
his  Editions  of  Euclid's  Elements."— TT^  Whewell,  D.D.,  Master  oj  Trinity  College, 
Cambridge,      (1848.) 

"Mr.  Potts  has  donegieat  service  by  his  published  works  in  promoting  the  study  of 
Geometrical  Science."--J37PA»Jpotf,  DL.,  Master  of  St.  CatharMs  College.    (1848.) 

"  Mr.  Potts'  Editions  of  Euctt^s  Geometry  are  characterized  by  a  due  appreciation  of  the 
spirit  and  exactness  of  the  Greek  Greometry,  and  an  acquaintance  with  its  history,  as  well 
as  by  a  knowledge  of  the  modem  extensions  of  the  Science.  The  Elements  are  given  in 
such  a  form  as  to  preserve  entirely  the  spirit  of  the  ancient  reasoning,  and  having  been 
extensively  used  in  Colleges  and  FubHc  Schools,  cannot  fail  to  have  the  effect  of  keeping 
up  the  study  of  Geometrj^  in  its  original  purity."— J*,  Challis,  M.A.^  Plumian  Projestor 
of  Astronomy  and  Experimental  Philosopny  in  the  university  of  Cambridge.    (1848.) 

"  Mr.  Potts'  Edition  of  Euclid  is  very  generally  used  in  both  our  Univeisities  and  in 
our  Public  Schools ;  the  notes  which  are  appended  to  it  shew  great  research,  and  are 
admirably  calculated  to  introduce  a  student  to  a  thorough  knowledge  of  Geometrical 
piinciples  and  methods."— (?eor^e  Peaoock,  D.D.,  Lovmdean  Professor  qf  Mathematics 
%n  the  University  of  Cambridae,  and  Dean  of  Ely.    (1848.) 

''By  the  publication  of  these  works,  Mr.  Potts  has  done  very  great  service  to  the 
cause  of  (^metrical  Science.  I  have  adopted  Mr.  Potts'  work  as  the  text-book  for  my 
own  Lectures  in  Geometry,  and  I  bcdieve  that  it  is  recommended  by  all  the  Mathematical 
Tutors  and  Professors  in  this  Univeraity.'*— i2.  Walker,  M.A.,  F.R.S.,  Reader  in  Experi- 
mental Philosophy  in  the  University,  andTvtor  of  Wadham  College,  Oxford.    (1848.) 

"  When  the  greater  Portion  of  this  Part  of  the  Ck)urse  was  printed,  and  had  for  some 
time  been  in  use  in  the  Academy,  a  new  Editioa  of  Euclid's  elements,  by  Mr.  Bobeit 
PottB,  M  JL,  of  Trinity  College,  Cfambridge,  which  is  likely  to  supersede  most  othexs,  to 


the  extent,  at  least,  of  the  Six  Books,  was  published.  From  the  manner  of  arranging  the 
Dcononstrations,  this  edition  has  the  advantages  of  the  symbolical  form,  and  it  is  at  the 
same  time  free  from  the  manifold  objections  to  which  that  form  is  open.  The  duodecimo 
edition  of  this  Work,  comprising  onl^  the  first  Six  Books  of  Euclid,  with  Deductions  from 
t^em,  haying  been  introduced  at  this  Institution  as  a  text  book,  now  renders  any  other 
Treatise  on  Plane  Geometry  unnecessary  in  our  course  of  Mathematics." — Preface  to 
Detcriptive  Geometry y  ^>for  the  Use  of  the  Royal  Military  Academy,  by  S.  llunttr  Christie, 
M,A,y  oj  Triniiy  College.  Cambridge,  late  Secretary  of  the  Roual  Society,  ^c,  Profeesw  of 
Mathematics  in  the  Royal  Military  Academy,  Woolwich.    (184lr.) 

"  Mr.  Potts,  by  the  publication  of  his  Edition  of  Euclidi  with  its  most  valuable  notes 
and  problems,  and  the  solutions  and  commentaries,  has  recalled  the  attention  of 
Englishmen  to  the  subject : — first  in  his  own  and  the  Sister  Universities,  then  in  the  public 
schools,  and,  finally,  in  most  Scholastic  Establishments  in  the  Country. — His  Euclid  is  one 
of  our  own  text-books  in  the  Koysd  Military  Academy,  and  we  find  its  arrangements  and 
Additions  exceedingly  conducive  to  the  acquisition  of  a  thorough  understanding  of  the 
subject  by  the  Gentlemen  Cadets." — 7'.  S.  Davies,  Professor  of  Mathematics  in  the  Royal 
Military  Academy,  Wooltoich.    (1848.) 

"  The  Edition  of  the  Elements  of  Euclid  which  Mr.  Potts  has  published,  is  confessedly 
the  best  which  has  yet  appeared." — John  Phillips  Higman,  M.A.,  F.R.S.,  late  Felloto  ana 
Tutor  of  Trinity  College,  Cambridge.    (1848.) 

*'  Mr.  Potts  has  lately  published  an  Edition  of  Euclid's  Elements  of  Geometry,  which  he 
lias  illustrated  with  a  collection  of  Examples.  I  consider  that  he  has  performed  his  task 
with  great  care  and  judgment,  and  that  the  work  eeemsto  bid  fair  to  possess  a  larger  share 
of  popular  favour  than  any  edition  of  Euclid  yet  published."— i2.  Buston,  B.D.,  Fellow  and 
Tutor  of  Emmanuel  College.    (1848.) 

*'  I  consider  Mr.  Potts' Edition  of  Euclid  to  be  a  most  valuable  addition  to  our  Cambridge 
Mathematical  literature,  and  especially  to  the  department  of  Geometiy ;  and  look  to  it  as 
A  great  help  towards  keeping  up,  and  indeed  reviving,  the  true  spirit  and  feeling  for 
Geometry,  which  of  late  years  had  been  too  much  neglected  among  us." — W.  Williamson, 
B,D.,  Fellow  and  Tutor  oj  Clare  Collie.    (1848.) 

"  I  believe  there  is  a  general  opinion  in  this  University  that  the  Principles  of  Euclid 
«nd  Elementary  G^metry  cannot  possibly  be  presented  to  the  mind  of  a  commencing 
student  in  a  bettor  form,  nor  be  accompanied  by  a  more  judicious  selection  of  problems, 
-with  hints  for  their  solution,  than  occurs  in  the  pages  of  Mr.  Potts'  publications.  By 
combining  symmetry  of  arrangement  with  simplicity  of  language,  and  by  restoring  the 
syllogism  to  its  plain  and  simple  form,  so  as  to  make  an  introduction  to  Geometry  serve  at 
ZD&  same  time  as  an  exercise  in  logic  (an  advantage  which  has  been  quite  lost  sight  of  in 
many  of  the  abbreviated  editions  with  which  this  University  had  previously  been  deluged), 
I  consider  t^t  Mr.  Potts  has  done  good  service  to  the  cause  of  education." — J.  Power, 
M,A.,  Fellow  of  Clare  College,  and  University  Librarian.    (1848.) 

**  Mr.  Potts  has  maintained  the  text  of  Simson,  and  secured  the  very  spirit  of  Euclid's 
Geometry,  by  means  which  are  simply  mechanical.  It  consists  in  printing  the  syllogism 
in  a  separate  paragraph,  and  the  members  of  it  in  separate  subdivisions,  each,  for  the  most 
part,  occupying;  a  single  line.  The  divisions  of  a  proposition  are  therefore  seen  at  once 
without  requirmg  an  instant's  thought.  Were  this  the  only  advantage  of  Mr.  Potts' 
Edition,  the  great  convenience  which  it  affords  in  tuition  would  eive  it  a  claim  to  become 
the  Geometrical  text-book  of  England.  This,  however,  is  not  its  oxily  merit." — Philosophical 
Magazine,  January,  1848. 

"  If  we  may  judge  from  the  solutions  we  have  sketched  of  a  few  of  them  [the  Geo- 
metrical ExeroiscsJ,  we  should  be  led  to  consider  them  admirably  adapted  to  improve 
the  taste  as  well  as  the  skill  of  the  Student.  As  a  series  of  judicious  exercises,  indeed, 
we  do  not  think  there  exists  one  at  all  comparable  to  it  in  our  language — viewed  either 
in  reference  to  the  student  or  teacher. — Mecaanic^  Magazine,  No.  1175. 

**  The  *  Hints '  are  not  to  be  understood  as  propositions  worked  out  at  length,  in  the 
manner  of  Bland's  Problems,  or  like  those  worthless  things  called  *  Keys,'  as  genemlly 
*  forged  and  filed,'— mere  books  for  the  dull  and  the  lazy.  In  some  cases  references  only 
are  made  to  the  Propositions  on  which  a  solution  depends;  in  others,  we  have  a  step  or 
two  of  the  process  indicated ;  in  one  case  the  analysis  is  briefly  given  to  find  the  construe- 
tion  or  demonstration ;  in  another  case  the  reveree  of  this.  Occasionally,  though  seldom, 
the  entire  process  is  given  as  a  model ;  but  most  commonly,  just  so  much  is  suggested  as 
will  enable  a  student  of  average  ability  to  complete  the  wnole  solution— in  short  just  so 
much  (and  no  more)  assistance  is  afforded  as  would,  and  must  be,  afforded  by  a  tutor  to 
Yaa  pupil.  Mr.  Potts  appears  to  us  to  have  hit  the  '  golden  mean '  of  Geometrical  tutor- 
nhip."— Mechanics'  Magazine,  No.  1270. 

**  We  can  most  conscientiously  recommend  it  [The  School  Edition]  to  our  own  younTCr 
Teaders,  as  the  best  edition  of  the  best  book  on  Geometry  with  which  we  are  acquainted.  — 
Mechaics*  Magazine,  No.  1227. 
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INVOLUTION  AND   EVOLUTION, 
AND    SUED   NUMBEES. 

Abt.  I.  The  words  Involution  and  Evolution  are  used  in  various 
senses,  according  to  the  subjects  respecting  which  they  are  employed. 

In  this  part  of  mathematical  science,  the  word  Involution  is  em- 
ployed to  denote  the  process  by  which  the  powers  of  quantities  are 
expressed  or  determined ;  and  Molutum  is  the  reverse  process,  by 
which  the  roots  of  quantities  are  expressed  or  determined. 

The  word  power  is  used  to  denote  the  product  of  two  or  more  equal 
numbers  or  quantities ;  and  the  word  root  denotes  the  reverse  of  that 
denoted  by  tjie  word  power. 

The  second  power  of  any  number  or  quantity  is  the  product  of  two 
equal  numbers  or  quantities ;  and  conversely,  the  second  root  of  any 
number  or  quantity  is  that  number  or  quantity  of  which  the  second 
power  will  produce  the  given  number  or  quantity. 

The  second  power  of  a  number  is  also  named  the  square*  of  that 
number,  because  the  product  of  the  two  equal  numbers  which  express 
the  number  of  lineal  imits  in  the  adjacent  sides  of  a  square,  denotes 
the  number  of  square  units  in  the  area  of  the  square. 

In  the  same  manner,  the  third  power  of  any  number  or  quantity  is 
the  product  of  three  equal  numbers  or  quantities ;  and  the  tiiird  root 
of  any  number  or  quantity  is  that  number  or  quantity  of  which  the 
third  power  is  equal  to  the  given  number  or  quantity. 

The  third  power  of  any  given  number  is  also  called  the  cube  of 
that  number,  because  the  product  of  the  three  equal  numbers  which 
express  the  number  of  lineal  units  in  the  three  adjaoeiat  edges  of  a 
cube,  will  denote  the  number  of  cubic  units  bontained  in  the  volume 
of  the  cube ;  and  the  third  root  of  any  given  number  is  called  the 
cube  root,  because  if  a  given  number  denote  the  number  of  cubic 
units  in  the  volume  of  a  cube,  the  cube  root  of  the  given  number  will 
denote  the  number  of  lineal  units  in  one  of  the  edges  of  the  cube. 

As  the  second  and  third  powers  of  any  quantity  a  have  been 
assumed  to  be  denoted  by  a'  and  o^,  so  the  second  and  third  roots  by 
a  consistent  analogy  will  be  denoted  by  (^  and  ah 

*  The  words  ''square"  and  "cube"  are  the  names  of  geometrical  forms  of  a 
snr&ce  and  a  yolome — modes  of  oontinned  quantity,  and  cannot  with  strict  pro- 
priety be  applied  to  nnmbers.  The  proper  analogous  terms  to  the  geometrical 
names  square  and  cul»  are  the  esecmd  power  and  third  power  of  nnmbers.  But  as 
the  same  words  are  applied  both  to  the  geometrical  figures  and  the  prodncts  of  two 
and  of  three  equal  numberB,  it  is  necessary  that  the  distinction  should  be  understood. 


2.  To  Jind  a  rule  far  the  formaium  of  the  square  of  my  alffehraicdl 
polynomial. 

Here  {a + 5)»  =  a«+2a^+a«, 

(a+6+(J+rf+ij)*  =  a»+2a(5+c+(Z+*), 

+  i«+2i(o+rf+6), 
+c»+2<i+«), 
+<£»+2d<?+^, 
=  a'+&'+(^+(r+^ + 2a5+2<au;+2<K2 + 2atf +2&(; + 2M 
+2he+2ed+2ee+2de. 
And  BO  on,  whatever  may  be  the  number  of  terms. 

Hence,  it  appears  that  the  square  of  any  polynomial  consists  of 
the  simi  of  the  squares  of  each  term  and  twice  the  product  of  all  the 
terms  taken  two  and  two. 

If  there  be  n  terms  in  the  polynomial  the  rule  may  be  thus  ex- 
pressed : — 

Square  the  first  term,  and  take  the  product  of  twice  the  first  term 
and  the  sum  of  the  remaining  n-*  1  terms. 

Next  square  the  second  term,  and  take  the  product  of  twice  the 
second  term  and  the  sum  of  the  remaining  n—  2  terms, 
And  so  on  to  the  square  of  the  last  two  of  the  n  terms. 
Since  {a±hy  =  (^±2ab+h\  it  is  obvious  that  4xa^xh^={±2ah)\ 
or  the  square  of  every  binomial  consists  of  three  terms,  such  that  four 
times  the  product  of  the  first  and  third  is  equal  to  the  square  of  the 
second  term.  And,  conversely,  if  four  times  the  product  of  two  terms 
of  a  trinomial  be  equal  to  the  square  of  the  remaining  term,  the  tri« 
nomial  is  a  complete  square.* 

3.  JSoery  positive  quantity  has  two  equal  square  roots,  one  positive  and 
the  other  negative. 

Since  the  square  of  +a,  or  (+o)*  =  +a x  +a  =  +a', 
and  the  square  of  —a,  or  (— «)'  =  —  a  x  —a  «  +a'. 
Hence,  conversely, 

the  square  root  of  +<»*,  or  {(+a)*}*  =  (+fl)t  =  +«, 

•  If  in  (a+6)«-a«  +  2a5+6«,  2a  be  written  for  a  and  1  for  J,  then 
(2a + !)•  -  4a«  +  4o + 1  •  ia{a + 1)  + 1,  which  expresses  the  theorem. 

The  sqnaie  of  the  sum  of  any  two  consecutiTe  nnmbers  is  equal  to  four  times 
their  product  increased  by  unity. 

TMs  theorem  will  be  fonnd  useful  in  finding  the  squares  of  the  odd  natural 
numbers,  by  dividing  the  numbers  into  two  parts  whose  differenoe  is  unity,  as  for 
instances: — 

(19)«»4xl0x9+l-860  +  l»861,        (28) •« 4. 12. 11 +1-528 +1:^529^  &a 

And  if  in  a*-d*— (a+5)(a~5),  a+1  be  put  for  a  and  a  for  (,  then 
^a+l)*-a*sa*+2a+l— a*—2a+l,  which  expressed  in  words  \b^  The  difierenoe 
xd  the  squares  of  two  conaecutive  numbers  is  equal  to  twice  the  smaller  number 
increased  by  unify. 


and  the  square  root  of  +<»•,  or  {( —»)*}*  =  (— «)*  =  ^^> 
.  ■ .  the  square  root  of  c?  or  («')*  -=  ±a. 

In  the  same  manner,  if  there  be  more  terms  than  one. 
The  square  of  a— 5,  or  (a— J)'  =  a'— 2a3+5', 
and  the  square  of  &  —  a,  or  (i— a)*  =  &' — 2a^ + ^. 

Hence,  oonverselji  the  square  root  of  a'—  2a5+^*  is  a—  d  and  ^—0, 
or  («•— 20*+^)*=  ±(ef— *). 

It  will  be  manifest  from  these  conclusions  that  a  negative 
quantity,  as  —a*,  cannot  have  a  square  root.  The  square  root,  how- 
ever, of  a  negative  quantity  admits  of  expre%non^  but  not  of  determi- 
fuUumt  tiie  negative  sign  indicating  the  extraction  impossible  to  be 
performed.  The  square  root  of  —a*  may  be  expressed  in  the  forms 
(  —  a*)*  and  a(— 1)*,  or  >/— o^  and  a^^— 1.  The  expression  (—<^)*  has 
no  intellegible  meaning  until  it  has  been  restored  to  ^a*  by  the 
process  of  involution.  When  the  data  of  a  problem  are  incompatible 
with  each  other,  the  qusesita  will  always  involve  this  expression ;  and, 
conversely,  when  this  form  of  expression  appears  in  the  solution,  the 
data  of  the  problem  are  incompatible  with  each  other. 

The  square  root  of  a  negative  quantity  has  been  named  an  imagi- 
nary or  impossible  quantity,  and  when  such  an  expression  occurs  in  the 
solution  of  a  problem,  it  indicates  that  the  problem  is  impossible  under 
the  proposed  conditions.  As  for  instance  if  it  be  proposed  to  divide 
12  into  two  parts  such  that  their  product  shall  be  40.  If  x  denote 
one  part,  then  12— d;  will  denote  the  other  part,  andd;(12-«)s40.  The 
solution  of  this  equation  gives  6+  J—^  and  6—  J—^  for  the  two 
parts  of  12 ;  and  these  parts  satisfy  the  equation,  for  their  sum  is  12, 
and  their  product  is  40.  But  if  the  problem  itself  be  considered,  it  will 
be  seen  that  12  can  be  divided  six  ways  into  two  parts ;  namely,  1  and 
11,  2  and  10,  3  and  9,  4  and  8,  5  and  7,  6  and  6;  the  respective 
products  of  these  parts  are  11,  20,  27,  82,  35,  86;  and  36  is  the 
greatest  possible  of  aU  the  products.  It  is  therefore  clear  that  12 
cannot  be  divided  into  two  integral  numbers  whose  product  shall  be 
40,  and  this  is  indicated  in  the  results  obtained  from  the  equation. 
It  has  also  been  judiciously  remarked  with  respect  to  impossible  ex- 
pressions that  *'  these  symbols,  although  the  parts  of  them  are  in- 
capable of  being  numerically  computed,  yet,  without  the  violation  of 
perspicuity  or  logical  accuracy,  may  be  employed  in  calculation,  since 
their  origin  and  derivation,  and  consequentiy  what  they  represent, 
are  known."  * 

*  In  the  second  section  of  the  first  chapter  of  the  Y^a  Ganita,  the  anthor 
states : — "  The  square  of  an  affinnative  or  of  a  negative  quantity  is  affirmative,  and 
the  root  of  an  affirmative  quantity  is  twofold,  positive  and  negative.  There  is  no 
sqTiait  root  of  a  negative  quantity,  for  it  is  not  a  square."  One  of  the  commentators 
has  given  the  following  note  on  the  text :  "  For,  if  it  be  maintained  that  a  negative 
quantity  may  be  a  square,  it  must  be  shewn  what  it  can  be  the  square  of. '   Kow  it 


4.  Prop.  Boiry  square  number  ends  ui  th$figure9  1|  4,  5,  6,  9,  or  00. 

For  every  number  ends  in  1,  2,  3,  4,  6,  6,  7,  8,  9,  or  0.  And  their 
squares  end  in  1,  4,  9,  6,  5,  6,  9^  4,  1,  or  00  respectively.  Therefore 
every  square  number  ends  in  1,  4,  5,  6,  9,  or  00.  It  also  follows  that 
every  number  ending  in  2,  3,  7,  8,  0,  or  an  odd  number  of  ciphers^ 
cannot  be  a  square  number. 

The  converse  of  the  proposition^  however,  is  not  always  true,  for 
there  are  other  numbers  besides  square  numbers  which  end  in  the 
figures  1,  4,  5,  6,  9,  or  00. 

d.  In  the  sei^  of  the  fuUur(fl  numbers,  the  square  numhere  eceur  at  fn* 
tervala  m  the  series,  emd  the  other  numbers  betwem  the  successive  square 
numhers  eeew  in  groups,  each  consisting  of  two,  four,  six,  Sfc,  numbers 
betufeen  the  frst  and  second  square  numbers^  the  second  and  third,  the  third 
andfourthii  Sfc^,  respectipelg. 

The  squares  of  the  first  ten  natural  number^  are  1,  4,  9,  16,  25, 
SB,  49,  64,  81,  100;  axkd  the  square  roots  of  these  are  respectively 
1,  2,, 3,  4,  5,  S,  7,  S,  9,  10.  Hence  in  the  first  hundred  natural 
numbers  there  are  ten  square  numbersi  and  ninety  which  are  not 
aquare  numbers. 

And  farther,  it  will  appear  on  examination  that  between  the 
square  numbers  1  and  4  there  are  two  numbets  not  square  numbers ; 
between  4  and  9,  four  numbers;  between  9  and  16,  six  numbers; 
between  16  and  25,  eight  numbers ;  and  so  on,  each  successive  group 
containing  two  more  than  the  preceding.* 

6.  J^  an  integral  number  consist  of  1,2,  3,  Spc,  digits,  its  square  or 
second  power  will  consist  of  I  or  2,  S  or  4,  5  or  6,  ^c,  digits  respectiwlg, 
and  generaUy  if  a  number  consist  of  n  digits' its  square  ufiU  consist  of  2n^l 
cr  2n  digits. 

Since  the  squares  of  1,  10,  100,  1,000,  &o.,  the  least  numbers 
composed  of  1,  2,  8,  4,  &c.,  digits,  are  1,  100,  10,000,  1,000,000,  &c.> 
respectively,  it  follows  that 

The  square  of  a  number  of  1  digit  may  consist  of  1  or  2  digits. 
n  >9  2  digits  „  3  or  4  digits. 

99  91  3  digits  „  5  or  6  digits. 

And  so  on,  and  generally. 

The  square  of  a  number  of  n  digits  will  consist  of  2n— 1  or  2» 
digits.    For  since  the  square  of  every  number  of  n  digits  is  less  than 


cannot  be  the  sqnare  of  an  affinnatiye  quantity,  for  a  sqnan)  is  the  pTodact  of  the 
jnnltiplication  of  two  like  qnantities,  and  if  an  aflSimatiTe  one  be  multiplied  by  an 
«£Snnatiye  one,  the  product  is  affinnatiye.  Nor  can  it  be  the  aqnaie  of  a  negative 
<q«antity,  for  a  negative  quantity  also,  multiplied  by  a  negative  one^  ia  positive, 
HSierefore  we  do  not  perceive  any  quantity  such  9a  that  its  square  can  be  negative." 
*  The  process  of  deducing  the  law  of  a  series^  or  the  general  form  of  any 
sSgebraical  expression,  from  ths  consideration  of  particular  cases^  is  usually  called 
imkuiiwtu 


10",  but  not  less  than  10""' ;  the  squaze  of  a  number  of  n  digits  is  less 
than  10^,  but  not  less  than  lO**"'.  But  10*"  is  tlie  least  number  which 
•eonsists  of  2n+l  digits,  and  10^'*  the  least  nimiber  of  2ft— 1  digits. 
Hence  the  square  of  eveiy  number  of  n  digits  will  consist  of  less  than 
2n+l  digits,  but  of  not  less  than  2n— 1  digits,  and  consequently  wiU 
•consist  of  2»  - 1  or  2n  digits.* 

Conversely.  If  an  integral  number  consist  of  2n— 1  or  2n  di^ts, 
its  square  root  wUl  consist  of  n  digits.  Hence,  if  a  point  be  placed  over 
every  second  digit  beginning  at  the  unit's  place,  the  number  of  points 
will  indicate  the  number  of  digits  in  the  square  root  of  the  number. 

Also  since  the  square  of  a  decimal  of  n  places  will  consist  of  2n 
places,  it  follows  conversely  that  the  square  root  of  a  decimal  of  2n 
places  will  consist  of  n  places  of  figures. 

If,  however,  the  given*  decimal  whose  square  root  is  required  con- 
sist of  2n— 1,  or  of  an  odd  number  of  places,  it  wiU  be  necessary  to 
annex  atsipher  to  the  right-hand  ^gtae  of  the  given  decimal,  in  order 
that  the  number  of  places  may  be  2»,  a  multiple  of  2. 

7.  lb  explain  the  proeeee  of  finding  the  equare  root  of  a  given  quantity. 

First.  Let  the  given  root,  0+3,  consist  of  two  terms.  Then,  since 
the  square  of  a+3  is  a^+2ah+V,^ 

Conversely,  the  square  root  of  a'+2a3-|-i'  is  a+3 ;  and  the  object  is 
io  find  how  a+6  may  be  derived  from  <i^+2fl6+3^. 

It  is  obvious  that  a,  the  first  term,  is  the  square  root  of  a\  the  first 
tenn  of  the  given  square. 

If  a*  be  subtracted  from  a* +2^3+5*,  there  remains  +2db+J?^  from 
which  to  find  3,  the  second  term  of  the  root. 

Now  h  IS  contained  +2^+3  times  in  +2a34-3^ ;  hence  3,  tiie second 
-tenn  of  the  root,  is  found  by  dividing  the  first  term,  +2{i3,  of  the  new 
dividend  by  20,  or  twice  the  first  term  of  the  root. 

Increase  this  divisor  20  by  +3,  the  second  term  of  the  root,  and 
multiply  the  divisor  so  increased  by  the  second  tenn  of  tiie  root,  and 
subtract  the  product  from  the  new  dividend,  and  the  remainder  is  zero. 

*  It  may  be  noted  that  10^  lO^,  10*,  10%  .  .  .  10"-i  denote  the  Ua$t  mm^ 
hen  which  consut  of  1,  2,  3,  4,  ...  .  n  digits,  respectively  ;  and  10>— 1, 10'  -1^ 
10*  - 1,  .  .  .  .  10"  - 1,  or  99,  999,  9,999,  &c.,  denote  the  greaUtt  wuanhere  which 
consist  of  1,  2,  8,  4,  .  •  •  •  n  digits  respectively. 

t  This  expression  is  geometrically  illnstxated  by  the  diagram  in  Eac  II.  4. 

If  the  lines  AOt  CB  contain  a,  h  linear  nnits  respectively,  then  AB  oontains 
a+&  nnits,  and  ABSD,  the  sqnaie  on  the  line  AB,  is  made  up  of  the  parts  ACOB^ 
CBKG,  HGFD,  GKEF. 

Here  ABED  is  denoted  by  (a+&)*,  HQFD  by  a\  CBKG  by  h\  ACOH  by  ah, 
CKSFhjab. 

If  the  line  be  divided  into  three  parts  a,  (,  e^ 

then  (a+J+c)»=a«+6»+c»+2a5+2ac+2Jc 
may  be  dmikrly  illnstrated  by  describing  a  sqnaie  on  the  whole  line  and  drawing 
the  necessary  lines  throngh  the  points  of  divisioni  as  in  the  diagram  to  Sac  IL  4. 
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The  prooess  maj  be  thus  exhibited : 

<f+2ab+h\a+b 


2ah+h^ 


If  the  given  root  consist  of  three  terms,  a+h+e^  the  square  of 
{a+h)+e  is  {a+by+2{a+h)e+<^,  and  the  square  root  of 

(a+hy+2{a+h)e+o^  is  a+h+e. 

It  is  obvious  that  the  first  two  terms  of  the  square  root  may  be 
found  as  before,  and  the  process  of  finding  the  third  term  of  the  root 
is  the  same  as  that  of  Ending  the  second  term  bj  doubling  the  first 
two  terms  of  the  root  instead  of  the  first  term  for  ^e  new  divisor. 

The  prooess  for  finding  the  three  terms  is  thus  eichibited : 

a*+2ab+h*+2ae+2hc+<^{a+h+o 

2a+h)2ab+h^ 
2ah+b' 


2a+2h+e)2ae+2he+o^ 
2a^+2he+<^ 


And  in  a  similar  way  the  square  root  of  a  quantity  can  be  found 
when  the  root  consists  of  four,  five,  &c.,  terms. 

This  process  can  be  applied  to  find  the  square  roots  of  numbers. 

If  a  number  consist  of  two  digits  and  &,  it  may  be  represented  by 
lOa+h,  and  its  square  is  100a^+2Qab+h^f  and  the  process  of  finding 
its  square  root  is  thus  exhibited : 

I00a^+20ab+h\10a+b 
100a» 

20a+b)20ab+b^ 
20ab+b^ 


Here  a,  b  may  be  any  of  the  nine  digits.    If  d=S  and  b^4,  the 
process  becomes 

900+240+16(30+4.  And  briefly  thus :  1156(34 

900 9 

60+4)240+16  64)266 

240+16  256 


In  the  same  manner,  if  the  root  consist  of  three  digits,  a,  5,  e,  then 
the  square  of  lOOa+lOh+o  is  100(10(»+&)*+20(10a+^>+<^i  and  the 
process  is 

lOollOa+hy 

20{lQa+h)+e)20{l0a+h)e+c^ 

20ll0a+h)e+(^ 

0 

And  this  process  becomes  when  a  =  3^  3  =  4,  <; »  5, 

115600+3400+25(340+5;  or  briefly  thus :  119025(345 
115600  9 


680+5)3400+25  64)290 

3400+25  256 

0  685^25 

3425 

It  may  be  remarked  that  the  successive  divisors  for  finding  the 
third,  fourth,  &c.,  digits  of  the  roots,  consists  of  twice  the  root 
previously  found  for  each  digit. 

The  process  for  finding  the  square  root  of  any  number  may  be 
described  as  follows : — 

1.  Divide  the  given  number  into  periods  of  two  figures  each 
beginning  from  the  place  of  units. 

2.  Find  the  greatest  number  the  square  of  which  is  not  greater 
than  the  number  of  the  last  period,  and  reserve  this  number  for  the 
first  figure  of  the  root,  and  subtract  the  square  of  it  from  the  last 
period. 

3.  To  the  remainder  annex  the  figures  of  the  next  period  for  a 
dividend,  and  double  the  root  already  found  for  a  trial  divisor. 

4.  Divide  the  dividend,  omitting  its  last  figure,  by  this  trial  divisor, 
and  the  quotient  will  be  the  second  figure  of  the  root. 

5.  Annex  this  figure  to  the  trial  divisor,  and  multiply  the  divisor 
BO  increased  by  the  second  figure  of  the  root,  and  subtract  the  pro- 
duct from  the  dividend. 

6.  To  this  remainder  annex  the  next  period  to  form  a  new  dividend, 
and  find  a  new  trial  divisor  by  doubling  the  whole  of  the  root  found, 
Then  as  before,  divide  this  dividend  (omitting  the  last  fig^ure)  by  the 
new  trial  divisor,  and  the  quotient  will  be  the  third  figure  of  the  root. 
Proceed  in  the  same  manner  for  finding  the  fourth  and  succeeding 
figures  (if  any)  of  the  root 

If  there  be  no  remainder  when  all  the  periods  have  been  employed 
the  exact  square  root  of  the  number  has  been  found. 
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But  if  there  be  a  remainder,  the  given  number  is  not  a  squarer 
number,  and  its  exact  square  root  cannot  be  expressed  by  any  number- 
whatever. 

Oontinued  approximations,  however,  can  be  made  to  the  square  root 
of  any  such  number,  by  annexing  periods  of  ciphers  as  decimals  to  the 
given  number,  and  continuing  the  extraction  to  any  number  of 
decimals  required. 

The  square  root  of  a  fraction  is  found  by  dividing  the  square  root  ot 
the  numerator  by  the  square  root  of  the  denominator. 

When  the  numerator  and  denominator  are  square  numbers,  the 
quotient  of  these  square  roots  is  the  exact  square  root  of  the  fraction. 

But  when  the  numerator  and  denominator  are  not  square  niunbers, 
the  given  fraction  can  be  reduced  to  a  decimal,  and  by  extracting  the 
square  root  of  this  decimal,  an  approximation  to  the  square  root  of  the 
fraction  can  be  determined  to  any  required  degree  of  accuracy. 

The  4th,  8th,  16th,  and  generally  the  2*th  roots  of  any  numbers 
can  be  found  by  means  of  the  square  root ;  as  the  fourth  root  of  a. 
number  is  the  square  root  of  the  square  root  of  that  number ;  and 
the  eighth  root  is  the  square  root  of  the  square  root  of  the  square 
root  of  the  number,  and  so  on  for  other  roots. 

8.  The  cube  of  apatitive  quaniify  U  poiittve^  and  the  cube  of  a  negaUvo^ 
quantity  is  negative  ;  and  conversely^  the  cube  root  of  a  positive  quantity  is 
positive,  and  the  eube  root  of  a  negative  quantity  is  negative. 

For  (+a)«=  +ax  +ax  +«=+«»; 

and  (— a)'=  —  ax  — ax  — a«  — fl^. 

That  is,  the  cube  of  +a  is  a*,  and  the  cube  of  —  a  is  — o^. 
Conversely  (+«•)*=+«;  and  (—«»)*=  —a. 

Also  (a-  hf  =  «•-  3«»* + 3ai^— ft», 

and  (5— a)«- J»— 35«a+3ia»-a»-  — (a»-  8a»J+3a»«— 3*), 
and  it  is  obvious  that  (&— a)'  is  not  equal  to  (a— 3)*  in  the  same- 
manner  as  (&'-a)'  was  shewn  to  be  equal  to  (a — 5)'. 

The  cube  of  a+h  may  be  put  into  the  form  a'4-d*+3a^(a4-3),  and 
the  cube  of  a-^h  into  the  form  c^-^J^^Zah^a^h). 

Also  since  («+*)»  =  fl^+3a»i+3fl3»+^», 

it  appears  that  3d^&  x  3a&'  <s  9  x  t^¥. 

Or  when  four  quantities  are  equal  to  the  cube  of  a  binomial,  the 
product  of  the  second  and  third  terms  is  equal  to  nine  times  the 
product  of  the  first  and  fourth. 

The  cubes  of  a+^+^»  a+^+^+^y  ^c,  may  be  found  in  the  same 
manner  as  the  squares  of  a+&+^>  a+&+tf+<^»  &o. 

9.  In  the  series  of  the  cubs  numhers  each  ends  in  onsofths  nine  digits  or 
in  three  ciphers. 

For  every  number  ends  in  1,  2,  3,  4,  5,  6,  7,  8,  9,  or  0.  The  oubes^ 
of  the  first  ten  natural  numbers  are 

1,  8,  27,  64,  125,  216,  343,  5ia>  729,  1000^ 


it  will  be  seen  that  erery  cube  number  ends  in  the  figures 

1,  8,  7,  4,  5y  6,  3,  2,  9,  or  000 ; 
that  is,  every  cube  numb^  ends  in  one  of  the  nine  digits  or  in  three 
ciphers,  and  it  is  obvious  that  any  number  ending  in  one  or  two 
ciphers  cannot  be  a  cube  number.* 

10.  In  the  wrt&a  of  natural  numhera^  ths  cube  nun^ers  ifccur  at  mt&rvahf 
and  the  other  numb&re  between  the  eueeeeeive  cube  numbere  oeeur  *n  groups, 
the  mmbere  in  each  eueeeeeive  group  being  connected  by  a  certain  law. 

Since  the  cubes  of  the  first  ten  natural  numbers  are 
1,  8,  27,  64,  125,  216,  346,  512,  729,  1000 ; 
it  will  be  found  on  inspection,  between  the  first  and  second,  the  second 
and  third,  and  the  suooessiTe  cube  numbers,  that  the  groups  of.  other 
numbers  will  contain.  6, 18,  36,  60,  90, 126, 168, 216,  272,  &o.,  numbers 
respectively.  And  the  successive  differences  of  the. numbers  in  each 
group  being  12,  18,  24,  30,  36,  42,  48,  66,  &c.,  indicate  the  law  of  the 
auccessive  groups. 

11.  If  an  integral  number  coneiet  of  1,  2,  3,  4,  Sec,  digite,  ite  cube  or 
third  power  will  consist  of  1,2,  S;  or  4,  6,  6;  or  7,  8,  9,  S^c.,  digits 
respeetivelg :  and  generaUg,  if  a  number  consist  of  n  digits,  its  cube  wiU 
coneiet  of  3m— 2,  3n—  1,  or  3»  digits. 

Since  the  cubes  of  1,  10,  100,  1000,  &o.,  the  least  numbers  com- 
posed of  1,  2,  3,  4,  &o.,  digits,  are  1,  1,000,  1,000,000,  1,000,000,000, 
&c.,  respectively,  it  appears  that — 

The  cube  of  a  number  of  1  digit  may  consist  of  1,  2  or  3  digits, 
„  „  2  digits  „  4,  5  or  6       „ 

„  „  3  digits  „  7, 8  or  9       „ 

And  generally  the  cube  of  a  number  of  n  digits  will  consist  of 
3n— 2,  3»— 1,  or  2n  digits.    For  every  number  of  n  digits  is  less  than 

•  "  Cable  imml)ers  ending  in  1,  2,  3,  4,  5,  6,  7,  8,  9,  or  0  followed  by  1 
have  their  roots  ending  in  7,  4,  1,  8,  5,  2,  9,  6,  8,  or  0  followed  by  1. 
Cube  nnmbers  ending  in  1,  2,  8,  4,  5,  6,  7,  8,  9,  or  0  followed  by  8 
hftTe  their  roots  ending  in  1,  4,  7,  0,  3,  6,  9,  2,  5,  or  8  followed  by  7. 
Cube  nmnbers  ending  in  1,  2,  8,  4,  5,  6,  7,  8,  9,  or  0  followed  l^  7 
have  their  roots  ending  in  7,  0,  8,  6,  9,  2,  5,  8,  1,  or  4  followed  by  8. 
Cabe  numbers  ending  in  1,  2,  8,  4,  5,  6,  7,  8,  9,  or  0  followed  by  9 
have  their  roots  ending  in  8,  0,  7,  4,  1,  8,  5,  2,  9,  or  6  followed  by  9. 
Hence  every  cnbic  number  ending  in  11  has  71  as  the  ending  of  its  cube  root ; 
and  every  cubic  number  ending  in  21  has  41  for  the  last  two  figures  of  its  cube  root, 
jmd  80  on. 

Also  it  may  be  seen  that  the  last  two  figures  of  any  cnbic  number  ending  in 
1,  8,  7,  or  9  may  be  known  if  the  figure  before  1,  8,  7,  or  9  be  also  known.  For 
instance^  the  cube  root  of  the  cubic  number  185,198  may  be  known  to  be  67, 
becanse  all  cubic  numbers  ending  in  98  have  their  roots  ending  in  57.  Thus  we 
may  know  tho  cube  root  of  the  oubio  number  8,869,893  by  knowing  only  8,  ....  98. 
The  first  figure  of  the  root  must  be  1  and  the  next  two  57."  This  note  i»  taken  flvm 
4he  Analyst,  Vol  L,  p.  75. 


10 

10*,  but  not  less  than  10*"*^ ;  the  cube  of  a  number  of  n  digits  is  less 
than  lO^y  but  not  less  than  10**"^.  But  10**  is  the  least  number 
which  consists  of  3it-|-l  digits,  and  10""*^  is  the  least  number  which 
consists  of  dn»2  digits.  Hence  the  cube  of  a  number  of  n  digits 
will  consist  of  less  than  dn+1  digits,  but  of  not  less  than  Sit— 2 
digits,  and  consequently  must  consist  of  3n^2,  3a— 1,  or  3»  digits. 

CouYersely,  if  an  integral  number  consist  of  Sra— 2,  3n— 1,  or  3ii 
digits,  its  cube  root  will  consist  of  n  digits. 

Hence  if  a  point  be  placed  over  every  third  digit  of  a  number 
beginning  at  the  imit's  place,  the  number  of  points  will  indicate  the 
number  of  digits  in  the  cube  root  of  the  number. 

And  since  the  cube  of  a  decimal  of  ft  places  will  consist  of  3ft 
places ;  it  follows  conversely  that  the  cube  root  of  a  decimal  of  Sn 
places  will  consist  of  n  places  of  figures. 

If  a  given  decimal  whose  cube  root  is  required  consist  of  3n— 2  or 
3n— 1  places,  it  will  be  necessary  to  annex  two  ciphers  or  one  to  the 
right-hand  digit  of  the  decimal,  in  order  that  the  number  of  places 
may  be  3n,  a  multiple  of  3. 

12.  To  explain  th»proe$s%  for  finding  the  cube  root  of  a  given  quantity. 

First  suppose  the  root  to  consist  of  two  terms,  a+^- 

Since  the  cube  of  a+3  is  a*+3a^5+3a3^+^. 

Conversely,  the  cube  root  of  a'+3fl'i+3ai*+5'  is  a+5,  and  it  is 
required  to  be  shewn  how  a+5  may  be  deduced  from 

fl»+8a>3  +  3a^+^'. 

The  first  term  of  the  root  is  0,  the  cube  root  of  a'  the  first  term  of 
the    g^ven    cube,    and    from    this    subtracting    a*,    there    remains 

3a«i  +  3(i5»+6'. 

The  second  term  of  the  root  is  3,  a  factor  of  3a'3+3a^'+3' ;  and 
if  the  first  term,  3a^3,  be  divided  by  3a',  three  times  the  square  of  the 
first  term  of  the  root,  the  second  term  h  is  obtained. 

And  if  the  sum  of  three  times  the  square  of  the  first  term  multi- 
plied by  the  second,  three  times  the  first  multiplied  by  the  square  of 
the  second,  and  the  cube  of  the  third  term,  be  subtracted  firom 
3a'&+3a3'+^,  the  whole  cube  of  a+^  has  been  subtracted,  and  a-f-5, 
the  cube  root,  is  determined.* 

*  The  following  procoss  may  be  in  some  instancoB  found  more  commodions  when 
several  terms  of  the  root  are  required : — 

For  example.     Find  the  cube  root  of  »«  +  9a;'  +  Z^x^  +  483z*  + 1 55a;*  +  \iix + 64. 
«•  +  ©»»+  39»*  +  488aj»  +  155a!«  +  144a; + 64(a;«  +  8a; + 4 


8aj*)9a;* 


(a?'  +  8a;)»  -a;«  +  9a:»  +  27x^  +  27a?* 

8a;*)12a;* 


(a;« + 8a; + 4)» -«•  +  9a;»  +  89**  +  483a;»  +  155a:«  +  144a;+ 64 


IL 
The  process  may  be  thus  exhibited — 


3xaxi"-        +3ai« 


} 


8a«*+3ai»+*». 
0 
If  the  root  consiflt  of  three  terms  a+J+r,  then  since  the  cube  of 
a+6+tf  is  (a+*y+3(a+i)»(?+3(a+*y+<^,  the  first  two  terms  of  the 
root  being  already  found,  the  third  term  is  found  by  dividing  the  first 
term  of  the  next  dividend  by  3(a+ft)«,  or  three  times  the  square  of 
the  first  two  terms  of  the  root,  and  then  proceeding  in  the  same 
manner  as  before. 

The  process  stands  thus : — 

(a+  3)' + 3(a+5)«<j+  3(tf + jy+««(a+^ 

8  X  (g+6y  =  3(g+^)«)  3(g+5)«g+3(a+^)g»+g» 

8x(a+J)*xc  =  3(a+i)V 

8  X  (a+3)  X  <>»  =  +8(a+jy 


3(a+6)»c+3(a+jy+c» 


And  the  same  process  is  repeated  if  there  be  more  than  three 
terms  in  the  cube  root  of  the  given  quantity. 

This  process  can  be  applied  to  find  the  cube  root  of  numbers. 

If  a,  h  be  the  digits  of  a  number,  then  the  number  is  denoted  by 
lOa+3,  and  the  cube  of  lOa+ft  is  lOOOo^-f  800a*&+30ad*+i*,  and  the 
process  of  finding  the  cube  root  is  thus  exhibited. 

1000a^+300a'5+30a^+ds(10a+i 
lOOOo^ 

3  X  (IQg)'  =  300g«)300tf«&  +  30tfy+y 

8x(10a)«xft=  d00a*5  ' 

3x(10a)xJ»=  +30aJ* 


T  300a«5+30tf5*+5' 

0 

If  a  =  8,  3  =  4,  then  (80+4)' =  27000  + 10800+1440+64,  and  the 
process  is  thus  exhibited : — 
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27000+10800+1440+64(80+4  39304(34 

27000  27 


3  X  (30)«  =  2700)10800+ 1440+64 

3x(30)*x4  = 

3x  30    X4»  = 

4«  = 


I  10800+1440+64 


3x3« 

=  27)12304 

3x3»x 
3x3  X 

4=108      ) 
4»=    144   [ 
4»=       64) 

12304 

0  0 

And  in  a  similar  manner  if  the  root  consist  of  three  digits,  the  first 
two  digits  haviag  been  determmed,  the  third  is  found  by  taking  for 
the  next  divisor  three  times  the  square  of  the  root  already  determined, 
as  in  the  following  process  of  finding  the  cube  root  of 

1000(30+4)»+300(30+4)«5+30(80+4)25+125 
or  41063625^  which  is  Uie  cube  of  300+40+5,  a  number  of  three 
digits* 

41063625(345 
27 

3x3*  =  27)14063 


3x3«k4«108 
3x3x4"=  144 
4»=       64 


12304 


3  x(34)«  =  8468)1759625 

3x(34)«x5-17340 
3x34x5"«     2550 
5'-         125 

1759625 


0 

The  process  for  finding  the  cube  root  of  numbers  may  be  ex- 
pressed  by  the  following  rule : — 

1.  Divide  the  number  into  periods  by  placing  a  point  over  eveiy 
third  figure,  beginning  at  the  place  of  units. 

2.  "Fmd  the  greatest  number  the  cube  of  which  is  less  than  the 
number  of  the  last  period  on  the  left ;  this  number  will  be  the  first 
figure  of  the  root. 

3.  Subtract  the  cube  of  this  number  from  the  last  period,  and  to 
the  remainder  annex  the  next  period  for  a  dividend. 

4.  Divide  this  number  (omitting  the  last  two  figures)  by  three 
times  the  square  of  the  first  figure  of  the  root,  the  quotient  will  be  the 
second  figure. 

5.  Xhen  subtract  from  this  dividend  the  sum  of  the  three  following 


•f 
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prodaoiSy  nsmdj,  three  times  {he  equare  of  the  first  multiplied  by  the 
seoond  figure  of  the  root;  three  timee  the  first  multiplied  by  the  square 
of  the  seoondy  and  the  cube  of  the  second ;  jdadng  the  unit's  figure  of 
the  second  product  one  place  to  the  right  of  the  first,  and  that  of  the 
third  product  one  place  to  the  right  ol  the  second. ' 

6.  To  the  remainder  annex  the  third  period  for  a  new  dividend. 

7.  To  find  the  third  figure  of  the  root,  take  three  times  tbe  square 
of  the  root  already  found  for  a  new  trial  diTisor,  and  proceed  as  in 
finding  the  second  figure  of  the  root.  The  fourth  and  other  figures  of 
tiiie  root  are  found  in  the  same  manner,  taking  for  e^ch  suocessiye 
trial  divisor  three  times  the  square  of  the  root  abready  found. 

If  there  be  a  remainder  after  the  integral  part  of  the  root  has  been 
obtained,  the  process  may  be  continued,  and  a  nearer  approximation 
to  the  true  value  of  the  root  may  be  obtained  by  annexing  periods  of 
decimals,  and  continuing  the  operation  for  any  required  number  of 
decimal  places  in  the  root. 

The  cube  root  of  a  Unction  is  found  by  extracting  the  cube  root  of 
the  numerator  and  denominator ;  but  if  the  numerator  and  denomina- 
tor be  not  cubic  numbers,  it  will  be  found  more  convenient  to  reduce 
the  fraction  to  a  decimal^  and  extract  the  cube  root  of  the  decimal. 

The  9th,  27th,  81st,  and  generally  the  d*th  roots  of  numbers  can 
be  found  by  means  of  tiie  cube  root. 

Also  the  6th,  12th,  ISth,  and  generally  the  2".3*th  roots  can  be 
detormined  by  the  square  and  cube  roots. 

18.  The  square  roots  of  the  numbers  which  are  not  complete 
squares  have  been  named  surd  numbers. 

The  square  roots  of  the  numbers  2  and  3,  which  lie  between  1  and 
4,  are  each  greater  than  1  but  less  than  2 ;  as  also  the  square  roots 
of  5|  6,  7,  8,  which  lie  between  4  and  9,  are  each  greater  than  2  but 
less  than  8 ;  and  a  similar  remark  applies  to  all  the  numbers  which 
lie  between  any  two  consecutive  square  numbers.  The  square  roots 
of  these  nxmibers  can  be  deiwUd^  but  cannot  be  exactly  expressed  by 
any  definite  number  integral  or  fractional.  Approximate  values  of 
the  square  roots  of  these  numbers  can  be  determined  to  any  required 
degree  of  accuracy.* 

The  cube  root  of  numbers  which  are  not  cubic  numbers,  are  also 

*  The  square  root  of  any  incomplete  square  number  may  be  continued  to  any 
assigned  number  of  places  of  decimals,  and  each  snccessiye  decimal  figure  obtained 
jn  the  root  gives  a  nearer  approximation  to  the  true  value  of  the  root. 

For  example.    Let  the  square  root  of  2  be  extracted  to  ten  places  of  decimals. 
The  square  root  of  2  or  2t»l'41421S562d 

If  1*4, 1*41, 1-414, 1*4142, 1*41421,  1*414218,  &c.,  be  respectiyely  taken  for  the 
square  root  of  2,  the  successiye  differences  of  these  numbers  are  '01,  '004,  '0002, 
*0001,  '000008,  &c.,  Tvhich  successiyely  decrease,  and  shew  that  each  succeeding 
approximation  to  the  square  root  of  2  is  nearer  to  the  true  value  than  each  of  those 
which  precede  it. 
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called  Buxi  numbers,  and  the  cube  roots  of  all  numbers  wbioh  lie 
between  the  successive  cubic  numbers,  may  be  denotedy  but  cannot  be 
jxacilif  expressed  by  any  numbers  whatever.  The  cube  roots  of  the 
numbers  2,  3,  4,  5,  6,  7,  which  lie  between  1  and  8,  are  each  greater 
ban  1  but  less  than  two ;  and  approximate  values  of  the  cube  roots 
of  these  numbers  can  be  obtained  to  any  required  degree  of  accuracy. 
And  so  of  all  the  numbers  which  lie  between  the  consecutive  cubic 
numbers. 

The  sum  or  difference  of  quadratic  surd  numbers  may  be  expressed 
by  connecting  them  by  means  of  the  signs  of  addition  and  subtraction ; 
but  if  they  can  be  reduced  so  as  to  involve  the  same  surd  number,  the 
sum  or  difference  can  be  expressed  as  a  single  quantity.* 

In  the  same  manner  the  sum  or  difference  of  cubic  surd  numbers 
can  be  expressed. 

The  product  or  quotient  of  two  quadratic  surd  numbers  is  obtained 
by  multiplying  or  dividing  the  numbers,  and  retaining  the  common 
index.  And  the  product  or  quotient  of  two  cubic  surd  numbers  is 
expressed  in  the  same  manner. 

If  the  indices  of  the  surd  numbers  be  difflerent,  the  indices  must 
be  reduced  to  the  same  denominator  before  the  operations  can  be 

performed.t 

The  powers  or  roots  of  surd  numbers  are  expressed,  the  former  by 
multiplying,  the  latter  by  dividing  the  index  of  the  surd  number  by 

the  index  of  the  required  power  or  root.{ 

»      — —   -  -  -  —    --        —  —  --  ,  .  — 

*  To  find  the  sam  and  difference  of  »y7  and  2^/6. 

Here  the  sum  is  8>/7  +  %/6  and  the  difference  is  8v^7  -  2>/5. 

To  find  the  sum  and  difference  of  ^/76  and  »yiS, 

Here  ^/75=^/(25x8)-.^/25x^/8= V8, 

and  >/48-v^(16x8)=>/16x>/8- V8, 

.-.  ^/75+^/48=5^/8  +  V8-V8.  and -s/76- V^S-S^S- V8->/3. 
t  Find  the  product  and  quotient  of  8^15  and  2>/5. 

Heie8>/16x2v/5=6v^76-6^/(25x8)=6V25x>/8«6x5xV3=80v^8, 

and  8v^llH-2v'6=^^5=f>/8. 

Find  the  product  and  quotient  of  >/18  and  ^^12. 
Here>/18=(18)*=(18)*=(18»)*-(6882)*, 

and  ^12=(12)*-(12)i=(12«)*=(144)*. 
Then  ^/18x  </12=:(5882)ix  (144)^- (5882 Xl44)^«(S89808)^ 

X  Find  the  second  power  and  the  second  root  of  2^*6. 
Here(2>/5)«-(2x6»)*=2«x6=20, 

and  (2Xv^5)*-(2x6»)»=2»X5*=4*X6*=(20)i 
Find  the  third  power  and  the  third  root  of  4^7. 

Here  (4iy7)»==(4x7*)«-4»x 7=448, 

and(4;/7)*=(4x7*H=4*x7*=4«x7»-(4«x7)*-(448)*. 
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M .  If  an  equation  constat  par  tit/  of  rational  and  partly  of  quadratic  surd 
quantities,  as  a?+v'y  =  a+>/ft,  then  the  rational  parts  on  each  side  are 
equaly  as  also  the  irrational  parts. 

If  a?  be  not  equal  to  a,  sappose  a?  =  a±t»,  then  a±»»+Vy  =  fl+\/3> 
and  ±.m-\-^f/=  ^h,  or  the  sum  or  difference  of  a  rational  and 
irrational  quantity  is  equal  to  a  rational  quantity,  "which  is  im- 
X>ossible ;  and  therefore  a? «  0  and  ^/y^  *s/h. 

This  property  can  be  applied  in  some  cases  to  find  the  square  root 
of  a  binomial  when  one  or  both  of  its  terms  contains  quadratic  surds. 
Let  a+  >/  &  denote  the  given  binomial,  and  let  x-\-is/y  its  square  root. 

Thena?+Vy=V(a+>/3) 

and  «*+2a?Vy+y-a+>/J,  by  squaring  each  side, 

.*.  a^+y^a,  and  2d?>/y  =  >/J,  and  «"— 2arv^y+y  =  a— ^J, 

.'.  a?—  >/y  =  >/(«—  v^3)  by  extracting  the  square  root, 

but  x+ss/y^  >/(«+n/*)i 
.-.  a;*— y=  V(«'— 3). 

If  a^— 3  be  a  complete  square,  the  square  root  of  a+M^h  can  be 
expressed  in  the  form  of  x+^y. 

And  since  a^+y  =  a,  and  «■— y  =  >/  (<^  -  *) ; 
2y-«-V(^-J).  and  Vy=  {  £r^£^=*)  }'. 

Bince  a  is  the  sum  of  the  squares  of  the  two  terms  of  the 
binomial,  and  Jh  twice  the  product  of  these  terms ;  in  most  cases  the 
square  root  of  a  binomial  surd,  when  it  is  possible,  may  generally  be 
found  by  inspection. 

In  liie  same  manner  may  be  found  the  square  root  of  an  im- 
possible expression,  which  will  always  involve  the  impossible 
symbol  ^y — 1. 

Let  tiiie  square  root  of  a+h»y  —1  be  required. 


*  Find  the  square  root  of  79  +  20^^3. 
LetaJ+^/y-^/(79  +  20v^3),  a;«  +  2a?>/y+y-79+20V3 ; 

.-.  «•  +  y=79,  and  2Vy=20v^8,  «"  -  ^x^y  +  y=79  -  20^/3; 
«->/y='s/(79-20>/8),  butaj+-v/y«V(79  +  20v'3) ; 
.-.  aj«-y=V(6241-1200)=v'6041=7l. 
Hence  the  sqnare  root  79+20v^3  can  be  expressed  in  the  form  x+^y. 
Since  «»+y=79  and  aj*-y=71,  .'.  2a;«=150,  .•.  a!«  =  76,  and  a:-v^75=5>/^, 

and  2y=8,  y=4,  and  v^y-v'4=2,  .-.  >/(79  +  20^/3)=2  +  6v^3. 
By  a  like   process   the   square  root  of   -5  +  12>/-l   will  be  found  to  b« 
2+8^/-l.  gQ 


16 

Assume  3?+y=  \/ («+*>/  — 1),  then  «'+24y+y*=«r+Jv'— 1, 
&nda^+f  =  aj  2xy-h^—\^  .\  ^— 2d:y+y'  =  a— ^^/— 1, 
ando?— y=>/(a— ftiy— 1),  hu,tx+if=»y(a+hy/—l)y 

and  if  a'+5*  be  a  complete  square,  the  square  root  of  «+3>/— 1  can 
be  expressed  in  the  form  required. 

But  since  «*+y*  =  a,  and  «*— y*  =  >/  (a'+5'), 

2:«;»  =  a+V(a'+n  and  ^=:  {  ^>/(?!+!2  |*, 
-2y»  =  -a+V(a'+^),  and  y=|^-N/0>'+^')|!^_i. 

15.  It  has  been  already  pointed  out  that  a"  has  been  assumed  to 
denote  the  product  of  n  quantities  each  equal  to  a,  and  the  expression 
a*  is  named  the  nth  power  of  a. 

So  conversely,  the  expression  a*  by  a  consistent  analogy  has  been 

assimied  to  denote  the  reverse  process  of  that  denoted  by  a*,  or  the 

nth  root  of  a. 

By  assuming  the  principle  of  indices  to  be  generally  true, 

1       I       I       I 

The  nth  power  of  a*  =  «•  x  a"  x  «"  .  .  .  to  n  factors. 

1^1^1+  . .  to  ■  tarma. 

=  a*  •  ■ 

=  a" 

r=  a*  or  a 
i_ 

Since  a*  is  such  a  quantity,  which  when  raised  to  the  nth  power, 

i_ 

produces  a,  it  follows  that  a"  is  a  proper  and  consistent  expression  for 
the  nth  root  of  a. 

m 

Also  the  expression  a*  will  properly  and  consistently  denote  the 

ff»th  power  of  the  nth  root  of  a,  or  the  nth  root  of  the  mth  power  of  a» 

1  I 

and  the  expression  may  be  written  in  the  form  (a")*  or  («")".♦ 

It  has  also  been  shewn  that  a*.a*  =  a""*^,  and  a"-T-«"  =  a*^,  when 

m  and  n  are  integers. 

The  same  forms  of  exponential  expressions  are  also  true  when  the 

*  The  truth  of  this  may  be  otherwim  exhibited  :— 

If  (a")"  ^a'f  in  which  x  is  unknown, 
.  By  raising  each  side  of  this  equality  to  the  nth  power, 

then  a*sa"%  •'.  nxtmm,  andc-i— . 

1        m 
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■»j|*M]i  m  p  m    p 

indices  are  fractions,  namely,  a"x«'=a"^«,  and  a"-i-fl»  =  «»"«• 
Por  <»"  =  «"«  =  {«"«}"«,  and  «»=:«-«=  {(i-«}"', 

And  so  may  be  shewn  a"-r-  «« ^  «*  «. 

16.  7%tf  even  and  odd  powers  of  a  positive  quantity  are  positive:  and 
the  even  powers  of  a  negative  qtMntity  are  positive^  and  the  odd  powers 
negative, 

For(+a)»=:+a*,  (+«)»=+«»,  (+a)*=+(^,  &c. 

Generally  (+«)*"  =  (+a')"=+a^  and  (+«)••+>  =  +«'".«  = +«^'^S 
or  any  power,  odd  or  even,  of  a  positive  quantity  is  positiye. 

Again  (-a)*  =  +a«,  (— «)» =  -a»,  (-a)*  =  +a*,  &c. 

Generally  (— «)•"={(-»)'}"  =  (+0"=  +«"", 

and  (-a)«»+^  =  (  -  af',{  -  a)  =  +««-,(— a)  =  — a^+', 
or,  the  even  powers  of  a  negative  quantity  are  positive,  and  the  odd 
powers  are  negative. 

17.  I%e  even  roots  of  a  positive  quantity  are  positive  and  negative^  and 

the  odd  roots  of  a  positive  quantity  are  positive^  and  of  a  negative  quantity 

are  negative, 

\_ 

Por  the  2»th  power  of  +»*"  is  +«, 

and  the  2nth  power  of  — a*"  is  +«. 

Hence,  conversely,  the  2nth  root  of  H-a  is  +«'*  and  —a'! ; 

1  i. 

that  is  (+«)*  =  ±fl''- 

Again,  the  (2n+l)th  power  of  +«*"+'  is  +a, 

1 

and  the  (2n+l)th  power  of  —«*""•■*  is  —a. 

Hence,  conversely,  the  (2«+l)th  root  of  +»is  +a*'+V 

1 

and  the  (2»+l)th  root  of  —a  is  -«*"+» ; 

1  1  1  I 

that  is  {+»}»•+>  =  +a«-+S  and  { —a}«-+' = —«»"+». 

18.  7!^  09^  roots  of  negative  quantities  are  impossible  expressions, 
Por  the  2nth  root  of  — a^  cannot  be  +a  or  —a. 

But  since  -  a*"  =  +«*•  x  — 1, 

the  2nth  root  of  — a^  may  be  thus  expressed : 
1  1^  ^  1  2 

{— a«"}'"=  {+fl^x -!}*•=  {+«••)»•  x(-ir  =  ±a(— I)'".* 


•  Tofind(+^/-l)*aiid(-V-l)*, 
Kist,  the  nth  power  of  +>/— 1, 
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An  exponential  quantity  is  raised  to  any  power  by  multiplying  the 
exponent  of  the  quantity  by  that  of  the  power ;  and  conversely,  any 
root  of  an  exponential  quantity  is  extracted  by  dividing  the  exponent 
of  the  quantity  by  that  of  the  root. 

For  (fl-)"  =  fl*.a*  =  a»-,  (a-)'  =  a'^.a^.ar  =-  a»",  (a-)*  =  a*-,  &c. 
And  generally  (a")"  =  »'".a*.<*"  ....  to  n  factors. 

Or  the  nth  power  of  a*  is  a"^,  and  is  found  by  multiplying  m,  the 
exponent  of  the  quantity,  by  n,  the  exponent  of  Hie  power. 
In  the  same  manner,  (<*")*  =  a*".     Hence  (a*)"  =  (a")". 

Conversely,  («"")•=«  (oi)*^  =  a  •=  a*. 

Or  the  nth  root  of  oT^  is  a**,  and  is  found  by  dividing  mn,  the  ex- 
ponent of  the  quantity,  by  n,  the  exponent  of  the  root. 

Also  it  may  be  shewn  that  (a"')~"  =  a"'^,  and  («'"•)"■=■(«"■)*"■•. 

Any  fxnoer  of  the  product,  and  of  the  quotient  of  two  quantitiee 
is  equal   to  the  product  and   quotient  reepectively  of  the  powers  of  the 

quantities;  that  is,  (a5)"  =  a"'J"'  and  |  ?  I    =^. 

Also  any  root  of  the  product,  and  of  the  quotient  of  two  quantities 

is  equal  to  the  product  and  the  quotient  respectively  of  the  roots  of 

1 

the  quantities;  that  is,  (a3)*  =  o"i",  and  <  ?  f   =^• 


(+^/ -  !)«=(  -  l)4.(-l)M  -  !)*+»=(  - 1)*=  - 1. 

&c.,  ftc.    Hence  tiiey  recar  after  the  4th  power. 
Generally,  since  every  integral  number  is  of  the  form  4m,  4m  + 1,  4m +2,  4m +  3, 
.-.  (+V-1)*— [{+(-l)»}]4— {(-l)«}--(  +  l)'"-+l. 

(+v^-l)*-+»-(v'-l)*->/-l- +1x^-1=  +  ^-!. 

(  +  ^/-l)*-+«=(^-l)*r(V'-l)*=+lX-l«-l. 

(  +  -y-l)*-+»-(x/-ir-+«v^-l--lX>/-l-->/-l. 
Hence  when  n  is  of  the  forms  4m  and  4m +2,  (  +  >/— 1)"=±1, 

and  when  n  is  of  the  forms  4m +1  and4m+8,  (+^/-l)•=±^/-l. 
In  a  similar  way  may  be  found  the  forms  of  the  nth  powers  of  -  ^/  - 1. 

(-•-l)*--[{-(-l)»}*]--{+(-l)'}— (  +  1)--  +  1. 

(_^-l)4«+f=(_^.l)4«{_(_l)»}l_+l.(.l)f«+lX-l--l. 

Hence  when  n  is  of  the  form  4m  and  4m+ 2,  ( -  v^  - 1)"= ±1;  and  when  n  ia 
of  the  form  4m +1,  and4m+8,  (-v'-l)"-+v^ -1. 


« 


EXERCISES  ON  INVOLUTION,  EVOLUTION,  ETC. 

I. 

Extract  the  square  roots  of — 

1.  «'+12d;+36.         2.  a?«— 8a;+16.         3.  4a^a^+4abx+b*. 

4.  a^+x-^±2.         5.  x*+2a^+3x^+2x+U 

6.  4a;*— 4iJ»— 3^+2a?+l.         7.  ar*— 10fla;»+33rtV— 40a«a?+16tf*. 

8.  49a?*+564rV+30a;*y'+8ary»+/. 

9.  <i*+2a*6  +  3«*J'+4a»5»+3a*i*  +  2a3'+i«. 

10.  «*+6a^+l3a«+14«»+12a*4-10«»  +  5fl5-+2tf+l. 

11.  {(a:— l)(a?— 2)  +  3}{(a;— 2)(a?— 3)+4}+8^  +  5oj;+l75. 

12.  16fl»(tf+J+c)+4tfi<i+<?)+4fl»(6»+c')+16a»i(?+W. 

13.  S{3a'-^2ab+b^){a^+Sb^)+h\a+4by. 

14.  rf'Ca— 63)(a-6)+5\3tf— J/— 3a«^». 

15.  4rf'i'+(fl»+^7+4flZ>(a2+^). 

16.  a*+b*'\-o'  +  d*+2a\b*+d')+2b\(^+d'')+2(^(a^+d^). 

17.  (rt_j)4+2(rj*+5*)-.2(rt«+J")(a>-5«). 

18.  4a(2a»-a'— l)+(2a»+fl»+l)*. 

19.  fl.p(aa?+l)(aic+2)(flwr+3)+l. 

20.  aV+*'— ^)  +  2(a+5)(J+(?)a(?+2fl«(a*+a(?+5c)+aV. 

21.  {a*+b^+(^f+2{ab+ac+bey'-e(a^+b^+c'){ah+bc+aey. 

II. 

Extract  the  square  roots  of  the  following  numbers — 

1.  625,  2704,  65536,  425104,  6589489,  58553104,  152399025. 

2.  -25,  -0025,  000025,  2500,  250000,  10,  -1,  -01,  -COl,  -0001, 
•000001. 

3.  -025,  520,  -121,  1-2101,  4-9,  -049,  490,  -9,  101,  -144,  -9,  54. 

4.  Ih  20i,  12-1,  7A,  498J,  UUlh 
6.  h  2J,  li,  17J,  lyi^,  3J. 

6.  1-64,  1064,  1-0064,  1-00064,  1-000064,  1-0000064. 

7.  6-4,  0-64,  -064,  -0064,  -00064,  -000064,  64-00064,  64,000064. 

8.  76212900,  -00762129,  7-62129,  76212-9,  7621-29,  76-2129. 

III. 

1.  Shew  that  every  quantity  has  two  equal  square  roots,  one  posi- 
tive and  the  other  negative.  Find  the  square  roots  of  a' — 2ab+b\  and 
shew  when  a  trinomial  of  this  form  is  a  complete  square,  that  four 
times  the  product  of  the  first  and  third  terms  is  equal  to  the  square  of 
the  second. 

2.  Shew  that  {a+b+cy='a*+b^+</'+2ab+2ac+2be :  and  from  this 
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restilt  deduce  the  squares  of  a+h  —  c,   a—h+e,  ^a+h+c,  a—b-c 
respectiYely,  without  performing  the  operation  of  multiplication. 

3.  Write  down  the  algebraical  expression  for  the  product  of  the 
square  root  of  the  sum  of  two  quantities  a  and  h,  and  the  cube  of  their 
sum ;  and  calculate  its  value  to  seven  places  of  decimals  when  a^l 
and  3  «:  2. 

4.  State  in  words  the  several  operations  to  be  performed  in  order 
to  obtain  the  result  expressed  by  the  following  algebraical  expression^ 
and  find  its  value  when  a  «=  3  »  4. 


5.  If  «*  arise  from  the  products  of  +a  x  +a,  and  —a  x  —a ;  can  a* 
be  considered  as  the  only  square  root  of  a*  ? 

6.  Express  -.  ^  ^  f  V  in  words,  and  find  the  value  of  each  expres- 
sion separately,  when  a  =  225  and  3  =  25. 

7.  Extract  the  square  root  of  -— ™  if!  ^^^i^lf  4.  £L,  and  explain 

^  9      21^49      6^14^16  ^ 

why,  if  the  terms  be  arranged  in  the  reverse  order,  and  the  root  bo 

then  extracted,  a  result  will  be  obtained  differing  only  in  the  sign  of 

the  whole  quantity  from  'that  obtained  in  the  first  instance. 

A.  Find  the  square  root  of  a;* — 2jry-f-4y^  in  terms  of  a  and  h,  where 
x-9<^+l2ah,  and  y  =  23*+6a3. 

9.  Shew  that  the  square  root  of  (^— ^"')'+(y— y"'^'  ifl  a  rational 

function  of  a  and  J,  if  a?  =  i|  ?+*  land  y  =  ?^. 

4  {  b    a  )  a^hx 

IV. 

1.  What  relations  must  subsist  between  a,  h,  e  in  order  that 
a:i^+hx+e  may  be  a  complete  square  ? 

^n~  ^^^  Jifli 

2.  Shew  that  if  ar=^-y— ,  then  aV+3a?+<^  is  a  perfect  square. 

8.  After  performing  the  operation  for  the  extraction  of  the  square 
root,  find  a  value  of  x  which  will  make  «*+6«*+ll^+3a?+31  a  perfect 
square  number. 

4.  Shew  that  a?*+2a«»+3V+fl»ar+(?*  is  a  perfect  square  if 

(a«^y)«-4iy 

5.  Eind  the  values  of  a,  h,  and  e  which  will  make  the  expression 

iB*— 8a^+<M?*+3:p*+<^^— 44a?+4  a  perfect  square. 

6.  If  a^+ps^+qjt^+rx+8  be  a  perfect  square,  then  shall  f^=jfSf 

p*+8«*  *  4q,  and  jp'+8r  «  4pq. 

7.  aa^+2hxif+ef/*+2dx+2ejf+f  is  a  perfect  square  if  6'  ^ao,  <iP  =  afy 
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8.  If  (ia^+ha^+ca^  he  subtracted  from  (a;*+2^+4)',  and  tlio  re- 
mainder be  a  perfect  square ;  determine  the  values  of  a,  h,  and  c. 


V. 

1.  Find  the  number  of  which  1*4142  ...  is  the  approximate  square 
root. 

2.  Find  the  least  number  which  when  multiplied  into  850  will 
make  the  result  a  perfect  square. 

d.  Find  the  sum,  difference,  product,  and  quotient  of  ^/*9+^/*4 
and  V-9— >/-4. 

4.  Shew  that  the  integral  part  pf  the  square  root  of  111111  is  333 
with  a  remainder  222. 

5.  Shew  that  the  square  root  of  3  differs  from  If  by  less  than  5\j. 

6.  The  difference  between  two  square  integral  numbers  is  equal  to 
the  sum  of  their  square  roots,  together  with  twice  the  sum  of  all  the« 
intermediate  numbers  between  those  square  roots. 

7.  Shew  whether  the  square  root  of  any  integer  which  is  not  a 
perfect  square  number  can  be  expressed  by  means  of  an  integer  and  a 
rational  fraction. 

8.  Explain  why  no  integer  or  terminating  decimal  can  have  a 
recurring  decimal  for  its  square  root.  In  what  case  can  a  recurring 
decimal  haye  such  a  root  ?    Give  an  example. 

9.  In  extracting  the  square  root  of  any  number,  if  more  than  half 
of  the  required  number  of  digits  be  obtained  by  extraction,  the 
remaining  digits  may  be  found  by  division  :  and  determine  the  limit 
which  the  remainder  cannot  exceed  after  any  step  of  the  process. 

YI. 

1.  Shew  that  every  square  number  ends  in  1,  4,  5,  6,  9  or  00,  and 
that  the  fourth  powers  of  all  numbers  prime  to  2  and  5  end  in  unity. 

2.  The  square  of  10129  is  102596641 ;  find  the  square  of  101293 
without  going  through  the  operation  of  the  multiplication. 

8.  Write  an  algebraical  expression  by  means  of  which  it  may  be 
shewn  how  to  find  a  series  of  square  numbers,  each  of  which  shall  be 
the  sum  of  two  square  numbers. 

4.  If  the  difference  of  any  two  numbers  be  unity,  the  difference  of 
their  squares  is  equal  to  the  sum  of  the  two  numbers. 

5.  The  difference  of  the  squares  of  a  number  composed  of  two 
digits  and  the  number  formed  by  reversing  these  digits,  is  equal  to 
99  times  the  difference  of  the  squares  of  the  digits. 

6.  Shew  that  the  square  of  every  odd  number  diminished  by  unity 
is  divisible  by  8,  as  also  the  difference  of  the  squares  of  any  two  odd 
numbers. 


22 

7.  In  any  square  number  4  is  the  only  digit  which  can  occupy 
both  the  place  of  units  and  of  tens. 

8.  Shew  that  any  odd  square  number  when  divided  by  4  will  leave 
unity  for  the  remainder.  Is  this  property  true  of  any  other  than 
square  numbers  ? 

9.  Prove  that  if  any  number  which  is  a  perfect  square  be  divided 
by  3  it  can  never  leave  2  for  a  remainder. 

10.  If  the  last  digit  but  one  in  a  perfect  square  be  an  odd  nimiber, 
the  last  digit  must  be  6. 

11.  Every  square  number  is  divisible  by  6,  or  becomes  so  when 
increased  or  diminished  by  1. 

12.  If  a  number  end  in  5,  shew  that  the  last  two  digits  of  the 
square  of  the  number  are  25,  and  the  number  composed  of  the  re- 
maining digits  is  equal  to  the  product  of  two  consecutive  numbers. 

13.  A  number  consisting  of  four  digits  of  which  the  two  middle 
ones  are  zeros ;  prove  that  the  difPerence  of  the  squares  of  the  number 
and  of  the  number  formed  by  reversing  the  digits  is  equal  to  999999 
times  the  difference  of  the  squares  of  the  extreme  digits. 

14.  If  two  numbers  are  equidistant  from  25,  the  square  of  the 
greater  exceeds  the  square  of  the  less  by  as  many  hundreds  as  the 
number  itself  exceeds  25  ;  also  if  two  numbers  be  equidistant  from  50, 
the  square  of  the  greater  exceeds  that  of  the  less  by  twice  as  many 
hundreds  as  the  number  itself  exceeds  50.  Shew  how  to  apply  these 
properties  in  readily  finding  the  squares  of  all  numbers  from  13  to  100. 

vn. 

1.  Shew  that  the  product  of  the  sum  of  any  two  square  numbers 
by  the  sum  of  two  other  square  numbers  can  always  be  expressed  by 
the  sum  of  two  square  numbers  {Dicphantus). 

2.  If  the  product  of  any  four  consecutive  natural  numbers  be 
increased  by  unity,  and  the  product  of  any  four  consecutive  odd 
numbers  be  increased  by  16,  the  sums  are  square  numbers. 

3.  If  any  three  consecutive  whole  numbers  be  taken,  prove  that  the 
sum  of  the  squares  of  the  greatest  and  least  is  greater  by  2  than  twice 
the  square  of  the  middle  number. 

4.  If  there  be  three  numbers,  one  of  which  is  the  sum  of  the  other 
two ;  twice  the  sum  of  their  fourth  powers  is  a  square  number. 

5.  Of  any  six  consecutive  numbers,  the  first  being  odd,  the  difference 
between  the  sum  of  the  squares  of  the  even  and  odd  numbers  is  equal 
to  three  times  the  sum  of  the  third  and  fourth  numbers. 

6.  Shew  that  the  product  of  six  consecutive  numbers  cannot  be  a 
complete  square. 

7.  lia,  b,c  be  integers  and  a'+3*-(j*,  then  die  is  always  divisible 
by  60. 
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8.  In  liow  many  ways  can  («*—a^)(a;'-i')(y*— «')(«'-<?)  he  ex- 
presaed  in  the  f  oim  of  the  difference  of  two  squares  f 

TIIL 

1.  If  1b»  dmgtnral  of  %  «qii«T«  he  90  feet,  -wliat  is  &e  iengfli  of  a 
side,  and  if  80  feet  be  tlie  length  .of  a  side,  what  is  the  leD^;6h  of  the 
diagonal? 

2.  If  the  adjacent  sides  of  a  rectangvlar  parallelogram  'he  *970'25 
and  250*4  yards,  what  is  the  side  of  the  equivalent  square  ? 

3.  If  the  perimeters  of  a  square  and  of  a  rectangle  be  16  feet;  how 
much  longer  is  the  diagonal  «of  the  rectanglo  than  that  of  the  square, 
supposing  the  longer  side  of  ihe  reetaoigle  to  be  one  loot  joon  than  a 
side  of  the  square  ? 

4.  DelaEBdiLe  the  ^aTea  aad  the  side  of  that  j^qnare  which  shall  be 
equal  to  that  of  the  sum  of  the  BxeBB  of  thzsee  sqiUBves  whose  mdes  are 
3,  4,  5  feet  respectivoly. 

5.  One  ade  of  a  right-angled  triangle  is  4  inches,  and  the  other 
aide  is  «b  nmch  less  than  4  inches  as  the  hypotenuse  exceeds  4  inches ; 
find  the  hypotenuse  and  the  other  side. 

6.  A  side  of  a  square  is  found  to  be  10  feet,  and  if  the  length  made 
by  error  of  measurement  be  one-tenth  of  an  inch  too  much  or  too  little ; 
within  what  limits  can  the  area  of  the  square  be  considered  known  ? 

7.  If  unity  represent  a  line  of  any  given  length,  by  help  of  the 
forty-serenth  proposition  of  the  £fst  book  <^  Euclid  represent  by  lines 
the  agBSBO  .Boots  of  the  first  tea  Aatmral  numbers. 

&.  fihew  that  if  «*+!  denote  the  hypotheBiifle  and  4^—1  the  base, 
then  2a  will  denote  the  perpendicular  of  a  right-angled  triangle ;  and 
hence  may  be  found  a  senes  of  right-angled  triangles  whose  sides  are 
integers  or  rational  fractions. 

9.  The  adjacent  sides  of  a  rectangular  paraUelogxam  are  respec- 
tively  equal  to  the  hypotenuses  of  two  right-angled  triangles,  whose 
sides  are  commensurable  with  the  unit  of  linear  measurement ;  proTe 
that  its  area  will  be  commensurable  or  incommensurable  with  the  cor- 
I'espottffiuigTHHt  of  square  measurement  fleeerdxBg  as  its  sides  are  or 
ave  SQft^OBEODienBvrable  with  -each  isther* 


L  iCbe  area^  a  veotangolar  field  wham  longtti  is  thvee  times  its 
hntMk,  TM  €  aeoMB  060  yards ;  fiad  its  fwrineter  aad  the  diagogMU, 

2.  GUie  length  of  a  room  is  twice  its  breadth,  and  the  azHM  ia 
l^S  aqvare  fret ;  w^t  k  its  length  ? 

JL  If  a  wcpmf  igardea  with  its  pathway  contaia  an  aeve  cf  land, 
what  would  be  the  width  of  the  pathway  if  it  be  made  (1)  hall- way 

§6 
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Tomid,  (2)  complete  faimd  ilie  gaiden,  n^pociiig  flie  pcfliwaj  oeeii« 
pies  one  ei^^idi  of  llie  space? 

4.  Two  penooe  start  from  Uie  place  when  two  soade  meet  at 
riglit  aag^  to  eacli  other,  one  waQce  3  milee  an  hoar  aad  the  otliflr  4 ; 
how  £»  distant  are  Aej  from  each  other  2  honzs  and  45  aonnlea  after 
they  started? 

5.  Find  the  length  of  a  lootpalh  whidi  crosses  diagonal^  a  ree- 
tsngnlar  field  148  jards  long  and  116  broad. 

Determine  the  cnbe  roots  of  the  fidlowing  ezpresrions— 

1.  i^-.da^+30— 1.        2.  «»+jr*+«(«+jr*). 

8.  ^-8fl^+5s^— 8tf-l.        4.  (3#— fl^«+(l— 3«»y- 

5.  fl^«»-«y-3sfay(«?— «y).        6.  8^— 36^^+^0*^—271^. 

7.  «•— 6s^+16iif»— 2<W^+16i^-6s+l. 

8.  27fl^— 108^4?+171tf*«*-186s»«»+67^««-12tfs»+s^. 

9.  8«*-36«»+664^-63«»+83«*— 9^+1.  10.   «*-^+12-6«». 
.,     s^      8     .   2      1         .^    ^    V     ^f^.^l  .c 


Find  the  cube  roots  of  the  following  numbers — 

1.  262144,  531441,  1953125,  3048625,  4492125,  5177717. 

2.  15625,140608, 1677216,277167808,16915218263,448048351808. 

3.  '064,  -000064,  009261,  000405224,  -000830584,  000027270901. 

4.  1-01,  9-6,  -4,  04,  004,  211,  343,  888,  904,  1912,  lOOOi. 

5.  1030301,  884-736,  9393-981, 40353607,  700227072,  738763-264 

6.  2, 7,  10,  100,  3*14159,  each  to  three  places  of  decimals. 

7.  *,  h  h  Hf  Hf  lOOOJ,  2i^,  J. 


1.  The  second  differences  of  the  cubes  of  the  natural  numbers 
form  a  series  of  numbers  whose  differences  are  a  constant  number. 
What  is  that  number  ? 

2.  The  cube  root  of  eyery  number  greater  than  3  is  greater  than 
the  fourth  root  of  the  number  increased  by  unity. 

3.  P^ye  that  no  number,  the  sum  of  whose  digits  is  6,  can  be 
either  a  perfect  square,  a  perfect  cube,  or  the  difference  between  two 
perfect  cubes. 

4.  The  cube  of  every  odd  number  greater  than  unity  can  be  ex- 
pressed in  two  different  ways  by  the  difference  between  two  numbers 
which  are  perfect  squares. 
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5.  Shew  that  flie  cube  root  of  an  exact  oabe  oontaiiung  four,  five 
or  BIZ  figures  caa  be  detenniiied  by  inspection,  by  taking  the  cube 
root  of  the  first  fignre,  or  of  the  first  two  or  three  figures,  and  observ- 
ing with  what  two  figures  the  number  ends. 

6.  Shew  that  the  cube  root  of  a  number  not  a  complete  cube  cannot 
be  represented  by  any  rational  fraction,  and  if  it  be  reduced  to  a 
decimal  the  latter  cannot  have  a  recurring  period. 

7.  When  will  the  cube  root  of  a  recurring  decimal  be  a  recurring 
decimal  ?    Oiye  examples. 

8.  Find  the  fourth  root  of  -00028561,  the  sixth  root  of 
-000004826809,  and  the  ninth  root  of  000000010604499373. 

xin. 

1.  Evexy  integral  number  consisting  of  n  digits  has  3n,  dn— 1,  or 
dn—  2  digits  in  its  cube. 

2.  The  difference  of  the  cube  of  the  sum  of  any  three  numbers, 
and  the  sum  of  the  cubes  of  the  numbers,  is  always  exactly  divisible 
by  the  sum  of  any  two  of  the  numbers. 

3.  If  two  nimibers  differ  by  a  unit,  their  product,  together  with 
the  stmi  of  their  squares,  is  equal  to  the  difference  of  the  cubes  of  the 
two  numbers. 

4.  Shew  that  any  cube  number  when  divided  by  4  or  by  7  cannot 
leave  2  for  a  remainder. 

5.  Shew  that  the  product  of  any  three  consecutive  numbers  in- 
creased by  the  second  number  is  always  a  perfect  cube  number. 

6.  The  stmi  of  the  cubes  of  two  integral  numbers  increased  by 
unity  is  greater  than  three  times  their  product. 

7.  Decompose  15750  into  its  prime  factors,  and  find  the  number 
into  which  it  must  be  multiplied  to  make  it  a  perfect  cube. 

8.  Determine  an  algebraical  expression  by  which  a  series  of  cube 
numbers  can  be  found,  each  of  which  shall  be  the  sum  of  three  cube 
numbers. 

XIV. 

1.  If  the  edge  of  a  cube  be  fbur  lineal  inches,  what  is  the  number 
of  square  inches  in  its  surface,  and  the  number  of  cubic  inches  in  its 
volxmie  ? 

2.  If  the  volume  of  a  cube  contain  1,000  cubic  inches,  find  its 
surface,  the  length  of  one  of  its  edges,  the  diagonal  of  one  of  its  faces, 
and  the  diagonal  of  the  cube  itself. 

3.  If  the  edge  of  a  cube  be  12*75  inches,  what  is  the  length  of  the 
edge  of  another  cube  which  is  twice  the  magnitude  of  the  first  ? 

4.  The  diagonal  of  a  cube  is  one  foot  longer  than  each  of  the 
edges ;  what  is  the  content  of  the  cube  in  inches  ? 
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5.  Wluii  M  fte  rehme  of  a  eabe  wkoM  AaguMil  !•  IS  limeal 
inehM?  aadwhstk  tbe  diagonal  of  a  eabo  wkoao  ^voImM  k  IS  oabia 

inches? 

6.  KthesorfBceof  acabebe50flqiiaMineh€a,wbatkili^elaiD^ 
and  if  the  Tolnme  be  50  eabic  inches,  whal  is  thosurlaesf 

7.  The  fliree  contorminoiis  edges  of  a  rectaagular  paraUsiepiped 
are  36,  75,  and  80  inches  vespectiyefy ;  find  tho  side  of  a  eiiho  whieh 
shall  be  of  the  same  capadtj. 

8.  What  is  the  content  of  that  cube,  the  sqyAwo  of  whioh  ia  000 
square  feet  54  inches  ? 

9.  How  many  cnbes  having  the  area  of  one  side  9^  square  indisst, 
are  equiyalent  to  that  cube,  an  edge  of  which  is  36  inches  ? 

10.  Having  given  a  cube  whose  side  is  100  inches ;  find  (within  the 
tenth  of  an  inch)  the  side  of  a  cube  whose  magnitude  is  double  of  the 
former  cube.     Why  cannot  the  problem  be  solved  exactly  ? 

11.  Find  the  lengUi  of  the  edge  of  a  cube  whose  volume  shall  be 
equal  to  three  cubes  whose  surfaces  are  respectively  2, 400,  5|400,  and 
15,000  square  inches. 

12.  If  the  lengths  of  the  edges  of  three  cubes  be  a,  b,  a+h ;  shew 

that (^±*)!_=ijv?+^M\ 


XV. 


1.  What  must  be  the  dimensions  of  a  chest  whose  length  is  double 
its  breath,  and  the  breadth  double  its  depth,  that  its  content  may  be 
a  million  cubic  inches  ? 

2.  The][content  of  a  cube  is  1,012,199,273,930,125  cubic  feet;  how 
many  square  yards  of  canvas  would  be  required  to  cover  it  ? 

3.  The  internal  surface  of  the  bottom  of  a  box  one  foot  deep,  con- 
tains eight  square  feet ;  find  the  edge  of  a  cubical  box  of  the  same 
content. 

4.  The  breadth  of  a  room  is  twice  its  height,  and  half  its  length ; 
and  the  content  is  4,096  cubic  feet;  find  the  dimensions  of  the 
room. 

6.  The  area  of  floor  of  a  room  is  768  square  feet,  that  of  each  of 
the  two  opposite  walls  576  square  feet,  and  that  of  each  of  the  other 
two  walls  432  feet ;  find  the  height  and  content  of  the  room. 

6.  What  must  be  the  length  of  the  side  of  a  square  cistern  four 
feet  deep,  in  order  that  it  may  contain  5,000  gallons  of  water,  suppos- 
ing  a  gallon  to  contain  272*274  cubic  inches  f 

7.  If  a  cubic  foot  of  water  weigh  1,000  ounces ;  find  the  dimensions 
of  a  cubical  tank  what  shall  contain  a  ton  of  water. 

8.  If  the  external  edge  of  a  cubical  chest  be  a  inches,  and  the  ohest 
be  composed  of  boards  m  inches  thick ;  find  the  difference  between  the 
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external  and  internal  surf  aces  of  the  chesty  and  the  content  of  the 
boards  of  which  it  is  composed. 

9.  Find  the  le&g>th  of  tho  edge  of  a  cnhioal  block  of  coal  which 
weighs  17  tons  12  cwt.»  if  a  cubic  foot  of  coal  weigh  77  pouada. 

10.  The  cost  of  »  enbio  mass  ol  metal  is  £8,584  18e.  7^  at  £4  3a.  4d. 
acabiolnch;  whatiatheareaof  onefaoeof  thomaaa? 

11.  A  hollow  cubical  box  made  of  material  1^  inobea  thick  haa  an 
interior  cqi^aoity  of  60'6$d  oubio  feet;  dotermino  the  length  of  the 
outside  edge  of  the  box. 

12.  A  cubical  box  a  inches  deep  is  filled  with  layers  of  spherical 
balls,  each  one  inch  in  diameter;  find  the  number  contained  in  the 
box,  and  what  poiiion  of  space  in  the  box  is  vacant  Find  also  what 
portions  of  the  space  would  be  yaoant,  (1)  when  each  of  the  balls  is 
half  an  inch,  and  (9)  when  one-third  of  an  Inch  in  diameter. 

Bednce  the  following  oxpreeaions  to  their  simplest  forms : — 

1.  ar^X(^'\        2.  tf"+»-r-(i"*-».         3.  a— •-r**^*. 

4.  flT^  X  tf^"*  X  fl^'".        5.  «*-  X  a^-'-ro^*.        6.  a»*  x  0r^  X  a*. 

7.  fl^-i.|^— .        8.  a-'n-a*-*,        9.    (i;»)**-r(±a)-*", 

10.  («-"•)•.         11.  (a—)-.  12.  (a®)— .  13.  (a—^. 

14.  (O^.         15.  (a-»)^.         la,  (#»J*)ii  X  (^'J*)*. 

17.  (fl-J»)^x(a-5-")v\         18.  (a- J-")^*  X  («-•»•)•. 


19. 


24.  (»— (r+»)^-r(<»'*<»"~")^. 

xvn. 

Terify  {he  ooirectness  of  the  following  ^qniralenta  i'.^ 

1.  {^^.(-j)«.(-,)-}.-|f«:j\ 

8.  {«<i'0(^»'«)>})3at»M.        4.  {(a3*)>.(^^)».(a^i*)*}A-«Ai*. 
6.  {(aJ«). (•»»)».(«>♦)». («»V}»  =  («•«»•)*. 

7. 
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xvin. 

Find  the  following  products : — 

1.  (a+^f.        2.  (a»-5»)*.        8.  (ii»+5*)(tf»-J»)- 

4.  (a»+c^J*+5»)(^-a»M+**).         5.  (tf»+**)'.        6-  (fl^-**/. 

7.  (a*+J»)(af-a»*»+J*).        8.  (a^-.6»)(ai+a»a»+M). 

9.  (a«+fl^3»+M)(al-fl»M+M).        10.  (jr»-2a*+8Xai»+2a*+3). 

11.  (al+fl*i»+aW+a&+tf»M+M)(fl»-^). 

12.  (a?+2y*+8a*)(a?-2y»+3«^).        18.  (al+8a*»+9»)(a^-8J»), 
14.  (arl— 3a*+6-8«-»+«-«)\ 


Determine  the  following  quotients,  and  yeiify  the  truth  of  them: — 

1.  a— 3  by  a*+6*.     2.  a^— *•  by  a»~M.      3.  fl*+^«  by  fl+2W3»+5. 

4.  fl*+A*bya*+W.  5.  «!— Mbya*+^*.  6.  8a^-4alM+Mby(al— M)«. 

7.  a?l-  3#a?+9a;*— 3*  by  a?— 3.      8.  arl+yl— «l— ariy*  by  a?»-y*+«*. 

9.  irt-ic»y*+a?ty-a;y  +a?y—y*  by  «*+a?y+y". 

10.  ««— a5+J«byfl— 3*a*J*+*.     11.  ar!— 4^i+12ar^-9bya?S— 2«»+8. 
12.  iF*+l  by  a?*— 2»d:+l.       13.  2«'— 6a?+5  by  2ip+2!+l. 
14.  a?'  *-  yl  by  a?*  — y*. 

Divide  «*— y*  by  a?— y,  and  a?— y  by  ar* — y*,  and  from  the  results 
infer  the  quotient  of  a^— y*  divided  by  art— j^. 


Verify  the  following  equivalent  expressions  :— 

1.  (ar— 2»a?»+l)(a;+2*a;»+l)  =  ar«+l. 

2.  (a'4-2W +a^)(a*  -  2*aa;+a?«)  =  al'+a^. 

3.  (ar»+3*a?+l)(a^-3»a?+l)(a?-2*a^+l)(a?+2»ar»+l)  =  «"+l. 

4.  (a;*+2»a?+l)(a?'-2*a:+l)(a;»-2*a?-l)(a^+2»a?-l) 

=  a^- 4a!«+2a?*— 4a;*+l. 
6.  (a?-l){a?+(l-v'3)}.{a?+(l-.^/3)}  =  ar»+a^-4ar+2. 

6.  iy+i(l  + V5>+l}.{^+i(l-V5)+l|  =ar*+3a^+l. 

7.  (a:+V2— V3)(«— ^2— V'3)(a?+V2+V3)(a?-v'2+^/3) 

=  ar*— 16«*+1, 

\  XXI. 

Extract  the  square  roots  of 

1.  «•— 2a?S+3af— 2a;*+l.      2.  a?*+a;»— 2a*-2a?l+2«»+l. 

3.  (a^hy^4{a-h)a^bK         4.  ?+L^+??-l. 

ft  '  a     6*      a* 

-a!*«"a?.a?.a;»l        ^^     .^  r^  .  2tfarl     aa;* ,  (fa^ 
o. -. — L — I — 4 — .       o.  1  — a;"-f-— -I 4-_, 

16     6      4  ^9^3  ^4  4^3         3^9 

7.  (a;^l)(a;+2la^+l)+2.       8.  f+^+lf_?!(^. 

y    2     a?         spy* 

9.  (2tf»tfl+ftV+2«*J^+«*»+2ftclarl+<?'a?. 

10.  1 4-a;  to  four  terms.       11.1  -{-x+a^  to  five  terma 

12,  a'+«i+ft*  to  four  terms. 
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xxn. 

Extract  the  cube  roots  of 

1.  «^-8a^5»+3<i3— W. 

2.  «»+&pl— 5a?l+8«»— 1. 

4.  (I— «»)— 24«(l+a?)— 9a?»(l+a?+«"). 

5.  ^+^1  to  three  terms. 

6.  (l+2aJ»Xl+16«>-8;r)(l-2a;»). 


Verify  the  truth  of  the  following  identical  expressions :  ^ 

1.  (art— l+dr-f)(a?l+l+4;-4)  =  «»+«-»+l. 

2.  (2«+y-0(2y+ar»)  =  (2a;»y» +a?-*jr*)'. 

8.  («»-8y*)(«»+y»)(a;»+2y»)(a?  f  8y»)(«»-y»)(a;»-2y») 

=  «»-  14;r*y+49ajy«— 36y\ 

=  «»{2(l-a;»)»-l}. 

5.  {«y+24:(«y-«")»}»+{«y— 24?(«y— «»)»}  =  (2a^— «y)». 

6.  {2«»+2(a?»-y*)»}»-{2«»— 2(a?*— y*)»}»  =  2(a;»-.y«)». 

8.  {(a5)*+(dw)*+(5i)»+(«0*}.{(a3)»-(<w)»-(W)*+(crf^^ 

=  (a-i)(J-0. 

9.  («^+«*^»+(y+5*<i*)»  =  («?+*«)*. 

10.  i<^h+i^hey+(ab*+h*e)^  =  (<,+3)(«+(j)»5^ 

11.  (rf»+al3l)»+(5«+Waf)»  =  (al+M)l. 

12.  {(a+6)l+(a— J)l}(«+*)*-{(a+i)l- (a-J)4}(a-J)l  =  2(a«+i'). 

XXIV. 
Find  the  values  of  the  following  expressions : — 
1-  {(«^+y*)*+«}-{(^+y')*-«}>  when;r-4,  y  =  5,  «  =  6. 

2.  (1— a?)»+{l— a?+(l  +  ip)*}»,  whena?=r|. 
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8.  «*-2«*+«+18,  when«  =  2+>/— 5. 

4.  {af*+2aj»+&i?»+2d?+5}»,  when  «»+«+ 1=0. 

5.  «+y+(ir*— «y+^)*,  when  4?=  V2+1  and  ya*>/2— 1. 

6.  .-?+i^jy")*     whena^ 

7.  _H:£_._4=^,when^  =  :i^, 
l+(l+ir)»^l +  (!—»)♦'  2 

8.  ^=J^+f±?^,  when«  =  2+v^3andy  =  2->/3. 
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Bednoe  tlie  following  expreseions  to  their  simplest  fomu :— » 

•     36a?J— 48aryl+37a?*y*-5y*  '  j 

«»— 2^-  6«— 3— 247(ar+  l)(a?+ 1)*  * 

«»-3a:+(;i^-l)(jc«-4>+2 ' 

2(g'+2^)-7tfW(tf»+25>)  +  15fl'M  ^    j?-2a:^y^+23rlyt-y 


Yexiiy  tbe  correotness  of  the  following  equivalents : — 


2. 


spy       j  x+y.x—y  \  *  _  ir*y*(3^+y*)* 


I  «      ff  } 


x+y      \    X  y     )  a?+y 

8      ^^  -4-/     ^^'    —  ^'^   I*-    ^- 

^-    1 05 l+t 8i^ ;t  -•' 

(a?+yy     (22:$[)y^    <<r^-y)y*  ,  {x—y)a^     g>  .  ^> 
y*      "      «*      ""«*      ^     y*      ^y*"*"*** 


8. 


(l+a?)l     (l+a?)t^  (l+a:)l         {l+a?)«         (l+«)* 
^/2— 1        JP+1       ,  %/2+l        ar+1       _a:»+2g'+Ag+I 
2^2  V+2*a?+l"'"   2v'2  V— 2«a?+l"  «*+l 

g        K1  +  n/5>+2      ■      ^(l-v^5)ar.-2     _a^+2j;»4-(l+W5)ar 

^  ar-1       I  »+l  J        \  x+1  j         I  ar-1  1  * 
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15.  {(a-3)«+4aJ}*.{(«+J)»-4aJ}«.  |^^^'-8a3}"*  =  a'-5«. 

16     ^—^^—      ^       ^1+^* 
'    (l-a?»)*     (1-^')*     (l-a;»)»* 

'K^+^y    1(1+^)*  (1-^)*/ "^    *xi+*;- 

xxvn. 

1.  For  what  reason  is  tlie  negatire  sign  necessary  for  distingoish- 
ing  algebraical  from  arithmetical  calculation  ?  and  how  does  the  algebrai- 
cal representation  of  impossible  quantities  result  necessarily  from  this 
use  of  the  negative  sign  ? 

2.  Is  it  always  possible  to  express  the  sum  of  the  squares  of  two 
algebraical  expressions  in  the  form  of  the  product  of  a  sum  and 
difference  ? 

8.  Shew  that  in  the  addition,  subtraction,  multiplication,  an<l 
division  of  quantities  of  the  form  a+5>/— 1,  and  also  in  the  involu- 
tion and  evolution  of  such  quantities,  the  results  will  always  be  of  the 

Express  ^t^^""!  and  ^+\'^''\  in  this  form. 

4.  Explain  why  the  introduction  of  imaginary  expressions  does  not 
vitiate  a  process  of  algebraical  reasoning. 

5.  Shew  that  {>/-^l}*  will  have  four  different  values  according 

to  the  forms  of  the  number  m,  and  exhibit  the  values  of  (l  +  V'-S)** 

L  1- 

6.  Shew  that  (—0)«'"X(— 3)4-*  is  always  an  impossible  expression, 

I  I 

and  (— a)4»+sx(— 5)4«+t  is  always  a  possible  expression,  when  m  is 

any  integral  number. 

7.  Are  the  quantities  ij—ax  i/^h,  and  IJ-^ax  y— J,  rational  or 
irrational? 

8.  Shew  the  absurdity  of  the  following  reasoning : — 

(_1)»-(_1)!.{(_1).}J  =  (  +  1)»  =  +1. 

9.  Point  out  the  fallacy  in  the  statement 

>/(-!)  X^/(-l)=^/{(-l)x(-l)}  =  V+l  =  I. 
10.  Find  the  third  power  of  "^-^'^  and  of  +^±y—^ .  ^hat 

2  2 

inferences  may  be  deduced  from  the  results  of  the  operation  ?    Shew 
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also  that  -l+>/-^  ifl  the  receprooal  of  ~^~^^,  and  +14V-^ 

11.  Shew  that  any  power  of  a  cube  root  of  unity,  is  itself  a  cube 
root  of  unity.    Exemplify  this  property  in  the  fourth  and  fifth  powers.- 

12.  Is  the  following  argument  legitimate?    K  a^  =  l  and  h^=l  y. 
therefore  (fi  =  li^,  and  consequently  «  =  5. 

13.  Establish  the  equalities,  in  which  •  is  an  imaginary  cube  root 
of  unity, 

(y  -  8)*(y + «  -  2ar)  +  («-a?)«(«+«  -  2y)+(ar-y)«(«+y-22) 
=  — (y+«— 2ar)(2+a?— 2y)(a?+y— 2^) 

=  (« + «y + •^)«+ (a? + •'y + «»)*. 


xxvni. 

Verify  the  correctness  of  the  following  expressions : — 

and  V(— «')•>/ (—^)V(—^  =  —«*^'n/— 1. 

2.  y(— a»).</(-i»)  =  +a*,  and  ^ (-«»). ^( -  3»).  V (-0  = -tf^^- 

3.  {-V(-2V-3)}*  =  -12. 

4.  (a+5V  -  l)(a— Jv'-l)  =  (a+2*«*J*+i)(a-2*a*^»+i^). 

6.  (a*+iV  -  l)(a»-5V  —1)  =  (a^+2*a^+^)(<i«-.2*ai+y). 

7.  (:r-.v'2— V— 3)(a;-V2+v'-3)(ar+V2-v'— 3) 

(ar+V2+>/— 3)=«*+2ar+25. 

8.  (1  +  V— 1)»±(1— V— l)"  =  0and4v'-l. 

9.  V(16+30V-l)+v'(16-30V-l)  =  10. 

10.  J{a+h^ ^i]  +  ^{a^hy/ -  1}  =  >/{2a+2v^(a»+J»)}. 

11.  (a+}V-l)'±(<»-W-l)'  =  2<«^-3^)»  and2J(3a«-^«)>/-I. 


^-  7:S5?l=^+*^-^- 


2  g'-(l-^/  -  iKa+(i- v-i)«5'+y^/-i     .    , , ,. 

g    a— }^— 1     a+3^— 1     2(a«-i') 

4  l+2^/— 1     1+2^/— 1     _  8^/— I 
l+2>/— 1     1— 2v'— 1~'^       5      ' 

5  1+(1-n/2)n/-1  ,  !-(» ^2)V-1_    ,« 

1-r  — ^/2)V-l"^l+(l  +  ^/2)^/-l~'^ 
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■   «y-^2ar'V— 1     y"+2aryv'— 1  ^  ^-yV  — I 


7.  {=li^}V{:nz^3}.^,. 


1.  II X-  — 1+2^/— 1,  find  the  numerical  value  of  a?*— 12j?. 

2.  If  a+h^^l  =  (a— iv^— l)(a?+y  V  -  1),  what  are  a:  and  y  ? 

shew  that  (a+a^+a>(j)(a+a«J+a<?)  =  a«+ft*+c«- ah-ae-hc. 
4.  Ifa=J(— 1  +  ^/— 3)andiB  =  j(-l  — V— 3);  shew  that 
(^+y+«)(a?+«y+i32)(a:+^y +««)  =  «'+y*+85«— 3ays. 

6.  If  a=  ^  +  >/""\  then  «•+«*+««+!  =0. 

6.  If  a  =  J(l  +  ^/-3),  andi9  =  J(l— ^/-3),  express 
(l+a)8+ (1+8)1  in  the  simplest  form. 

Eind  the  sums  and  differences  of  the  following  surd  numbers : 
1.    V27and  ^48.  2.  14>/147  and  13>/75. 

8.  iyiSOand  ^^05.  4.  ^t/50  and|>/72. 

6.  S^i  and  J>/tV-  ^-  ^V^^V  ^^  4^/|. 

7.  v^500  and  C/108.  8.  ;/40  and  v^l35. 

9.  2^81  and  7^/3.  10.  3  V  J  and  J' 72. 
11.  |v^500  and  tv^l08.  12.  f  C^f  and  f  •A-' 
18.    ^12  and  ^27.  14.   ^12  and  ^20. 

XXXTT. 

Determine  the  products  and  quotients  of  the  following  surds  :- 
1.    ^448  and  •112.  2.  4v'8  and  3v^6. 

8.  12>/200  and  13v^l50.         4.  ^V>/108  and  i>/l6. 

6.  V^  and  ^A-  6.  JV*  and  f  V^. 

7.  9n/8  and  8>/5.  8.  4v^72  and  13v^2. 

9.  12v^l8and  V^^O.  10.  i^20and^^5. 
11.  i^i  and  i^i.  12.  i;/^^  and  |^i. 
13.  i^6  and  ^ v^l8.  14.  f  ^  j  and  f  iXf . 
15.  8-v^l  and  4^72.  16.  3^2  and  2v^3. 
17.  5^/3  and  i{/18.  18.  ^y^G  and  |>/18. 
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xxxni. 

Knd  the  second,  third,  fourth,  and  fifth  powers  of  the  following 

quantities : — 

1.    V3.  2.  5>/3.  8.    712. 

4.  i>/5.  6.  f>/7.  6.  3v^8. 

7.  3V3.  8.  4V6.  9.5^5. 

10.  2±>/3.  11.    V2±>/3.  12.  5V2+3>/3. 

XXXIV. 

Extract  the  square  roots  and  the  cube  roots  of  the  following 
expressions  J2,  ^S,5^5,  5>/27,  ^2,  IJS,  26^/125;  and  the  square 
roots  of  12+6^3,  2+V3,  85-12^6,  —5  +  12^-1. 

XXXV. 

Eeduce  to  their  simplest  form  the  following  surd  quantities : — 

1.  3>/ 147—3 V75—8>/i. 

2.  8>/i-i>/12+4-y27-2v'^ir. 

3.  (15+19v'2-2v'3-12v^6)+(3+V2+2a/3). 

4.  (>/2+V3)(>/3+>/5)(>/5  +  >/2). 
6.  (9  +  2V3+2>/5+2>/16)*. 

6.  V(^+^/3)-n/(2-v^3). 

7.  {3V3+2>/6}»— {3v'3— 2>/6}». 

8.  7  V54+9  V250+  •/2+2  Vl28- 

9.  V192-V81-V16+VA28. 

10.  •/24+V81  +  W. 

11.  (V5+2)»+(s/5— 2)1. 

12.  {(10-4)«+(14-31)»}*. 

13.  (96)»x(243)*x(75)*x(3)A. 

XXXVL 

Verify  the  correctness  of  the  following  equivalents :— 
J     8-5^^  2.  y|2±N^2  ^8+2^15. 

.         l  +  >/8     _,  .    1     ,    1    ,  V3 
3^3-2^/2"  ^  Va"*"  V3      -y/a 

».  idit^ = 10  .e.,ir.     10.  -Jtt 


78^V3 ^   ''  V2+8s/J-10 
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12. 
13. 


^/2^/(5-^/5) 

1 3^/2+2^/3— >/80 

V2+V3+V5"  12 

1  3v^2  +  2>/3+>/30 


V2+n/3— V6"  12 

14  l  +  >/2  ^/2+^/6+^/12 

1— V2+V3""  4 

jg     (5'12)l+(03375)l     1 
(80)i— (-01)*      "2' 

xxxvn. 

Verify  the  oorrectness  of  the  following  equivalents: — 
J      ^/245+^/75     ^/245^^/75,g^ 

V5— n/3    "*"    V5+V3 
2     6— 2>/2— >/(ll— 6^/2)     11— 6>/2 
•    2v^(ll+6>/2)— 3— V2""        7 

xxxvin. 

1.  Arrange  in  order  of  magnitude  2^,  3),  4i,  5i,  61,  without  extract- 
ing the  roots. 

.^d«..™.u„,.^.i^».(|)'.(?)',(!)'. 

8~l,  7i,  ('037)1,  each  to  four  places  of  decimals. 

3.  Which  is  the  greater  in  each  pair  of  the  following  expressions  ? 

»/4or  \/5;  2*  or  8»:  8'/2or2^/3: 

(6»)*  or  (6»)*  or  6»*:    ^  or  2  ^3 : 

ior    ||l^:^/ior^: 
2  13  j         ^2         V^ 

4.  Which  is  the  greater  (1)  VlO+^/7  or  ^19+^/3; 

(2)    V2+>/7or  V3+V6;  (3)    75+v^l4or  ^3+3v'2? 
(4)    ^6— >/6or  ^8— >/ 7?  (6)  21+61  or  3? 

5.  Oan  the  three  lines  whose  lengths  are  3^/3,  5y/5,  7>/7  be  tho 
sides  of  the  triangle  ? 
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6.  If  a  denote  the  lengtli  of  the  edge  of  each  of  the  five  regular 
solids,  shew  that  (1)  the  surface  of  the  tetrahedron  is  o^»yS  :  (2)  of 
the  hexahedron  or  cube  is  6a' :  (3)  of  the  octahedron  2(^»yZ:  (4)  of 
the  dodecahedron  15a'V{l+i>/^}:  and  of  the  icosahedron  5a^i^3. 

And  (1)  the  Tolume  of  the  tetrahedron  is  ^.a':  (2)  of  the  hezahe- 
\  /  12 

dron  or  cube,  a*:  (3)  of  the  octahedron  .^.tf":  (4)  of  the  dodecahe- 
dron-^. {47 +2^/5}*.a':  (5)  of  the  icosahedron -i-{7+3>/5}».fl». 
2v^  6i^2 


1.  If  (a'+P)*+a  =  hx,  find  x^x"^  and  a?+a?"'  in.terms  of  a  and  h. 

2.  «»  =  ar+ar^  n=y+y~*; 

then  mn'\-  V(«**— 4)(n'— 4)  =  2(a?y +a?-'y->). 

3.  If  <J  =  flVl— *'+*>/ l—a«, 

then  shall  (a+3+<?)(tf+J— c)(a+tf— 3)(3+<?— a)  =  4a«iV. 

4.  If  {ay^'-(?)^  =  yz,  and  (oa;*— a')*  =  ay,  then  shall  (<w'— a*)*  =  aa. 

5.  If  a?(a«  -  y«)»+y(a»— «»)» =  a«,  then  s^+y^  =  a«. 

6.  If  a:*+y»  =  fl»,  then  (a?+y+a)«  =  2(a;*+y"+a^). 

7.  If  a;*+y*+2j»  =  a», 

then  64(M;y«  =  {2(a«+a:*+y'+«=')-(fl+a?+y+2)«}*. 

8.  Shew  that  {a+J»+ (?*+<?»}»  can  be  found  in  the  form  «*+y*-f  «*, 
when  the  condition  2a{hed^^  =  he'^hd+ed  is  satisfied. 

9.  Ifa:={r+(r«+^)*}»+{r-(r«+^)*}i; 

then  shall  a^+Zqx^  2r  «  0. 

10.  Shew  that  <ut^^ly^+es?  =  {a\+h\+e^)\  when  aa;«  =  Jy«  =  «•, 

and  ar*+jr  *+«■"* « 1 . 

11.  If  a?l+yi+2J  =  0,  then  shall  (ar+y +«)*  =  27a?y-8r. 

12.  If  a;*+y*+8*  =  0,  then  (a:*+y»+«»-2a?y-2a»— 2y«)» 

« 128a?y«(a?+y+«). 


XL. 

1.  If  i*— a:"*=y,  express  -i^  in  terms  of  y. 

l^ar 

2.  Express  with  negatiye  indices 

'^      n+dj'  1+/3     l  +  >/(l-«»)' 

4.  If  fl(5-(j)»-<a+i,)«  =  0,  then  |.^-1. 

^.Shewthat   {fi±f)g±L)^ 

I  (a— a?)(*— a:)  j        (  a  —A*  J 
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6.  If  (^+g^)„(^+^K^);  thenehaU  4±-^-^^. 

{ao+iy  {cd+iy  ah+l        a^h 

7.  Shew  that  /,,  .  ^  X^r^xi  .    am  ca^ot  be  equal  to  ±1, 

unless  ev=d;  and  h^y;  a,  h,  x,  y  being  positive  quantities. 

8.  Shew  that  the  two  expressions  a?— y  and  ^1— ?—>/!— y*  fulfil 
Ihe  condition,  that  the  difference  of  their  squares  is  divisible  by  the 
sum  of  their  squares. 

9.  If  yz+ani+xy  =  1,  prove  that 

.  /  (1  +y')(i+«)'  I  *^y  /  (1 +«')(!  +^)  j'l^Hi+^q+y*)  I '=2. 

10.  If  a;'+y'+«*+2:i?y«=l  ;  prove  that 

a){(i-3/')(i-^')}*+{(i-^)(i-^)}*+{(i-^)(i-y')}* 

=  <l+«)+y(l+8)+a<l+y). 
^  ^    \  l+x  l+y  J  ^  I  l+y   1+2  J  ^  ]  1+8  l+x  i 


XIJ:^ 

1.  Shew  that  it  is  not  an  arbitrary  assumption  to  ezpress  the  nth 

1 

root  of  a  by  the  symbol  oT,  if  a*  be  assumed  to  denote  the  nth  power 
•of  a. 

2.  If  a  denote  any  quantity  numerically  greater  than  h^  does  it 
follow  that  (±a)*  is  always  algebraically  greater  than  (±i)"?  If 
not,  specify  the  exception  or  exceptions. 

3.  Shew  that  if  any  number  a  be  greater  than  x,  a+ —  is  greater 

than,  and  a+ — ^ —  is  less  than  the  square  root  of  a^+«. 

4.  Is  («+l)*  always  greater  than  a^^? 

6.  Which  is  the  greater  («+a)(4?*+ft*)*,  or  (a?+5)(«'+a')*,  sup- 
posing a^  hf  xio  be  integral  positive  quantities  ? 

6.  Shew  that  at +a*6  is  greater  or  less  than  ah^+M,  according  as 
^  is  greater  or  less  than  h. 

7.  If  a(l-^)»+J(l-a»)»  be  less  than  unity,  then  i^+^  shall  be 
greater  than  unity. 

8.  J£  a,  h,  e,  be  unequal  numbers,  prove  that  a-^-h+e  is  greater 
than  {ahy+{aey+(ho)K 

9.  If   x-a+h,    and   y  =  e+d,   which   is    the    greater    («y)*    or 

10.  If  d?,  y,  8  be  positive  quantities,  any  two  of  which  are  together 
^eater  than  the  third,  then  any  two  of  the  three  quantities 
{2(y«+«^)-«*}»,  {2(«»+aj*)-y«}»,  {2(a!»+y«) -««}»,  are  together 
greater  than  flie  third. 
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11.  If  («+v'J)«=*,*+y,»,  and  («+ >/<«)» -a!i»+y,»;  shew  that 

12.  Shew  that  ?*(^=g+§gl^  is  less  than  1    unless  yJ± 

13.  If  a  he  gteater  than  b,  and  b  be  greater  than  c, 

Shew  that  {^  l*+|?  }*+ |^}' is  never  lees  than  ««+!»+«!». 

XT.n. 

1.  Shew  that  I  ^  [      ^{iF'f       =*'"*"'» 

i.  J-  - 

2.  Simplify  j  a"  /         i    t  «  '      I     ,  and  )  VaV    j     . 

8.  Shew  that  (a?*'+a?'-)-  =  «-  "(«— •+af— )"", 

and  a;*"—!  :>  2«(«"+*— «^0- 

4.  Shew  that  ^  '  ~*  "    =     ** 


6.  Determine  when  the  divisions -Y-=-j»   ■    "",,  >  "^^S*  ^'^  ^* 

Bpectively  possible,  without  remainders. 

6.  Shew  that  a*— i"  and  a"— J  have  a  common  divisor,  when  m 
and  »  denote  integral  numbers. 

7.  Write  the  middle  term  of  the  quotients  in  the  division  of 

1      1 
iT^h*  by  a* — 5*,  m  and  n  being  one  or  both  even  numbers. 

8.  If  (10,000)' ^10,  thenar  =  4,  and  if  3a?  =  9*,  thenarsS"^. 

« 

9.  If  ay  =  «•,  then  shall  jfTrra;^"*,  and  if  a?  =  22,  then  k  =  2. 


*^^'' "'"^  2&4l^  {  *^+^  }  =  {  S  } 


ll.If;r=(?}^"'.thenshaU^j.{^V}  =  {f}        • 


HESULTS,    HINTS,    ETC.,    FOR    THE    EXERCISES    ON 
INVOLUTION,  EVOLUTION,  AND  SURD  NUMBERS. 

L 

The  square  roots  are  as  follows : — 

1.  aj+6.        2.  05-4.        8.  2x+b,        4.  «±ar-».        5.  »»+«+!. 

6.  2a:«-aj-l.        7.  a;'  — 6aaj+4a*.        8.  7x*  +  4jBy+y«. 

9.  a«+a*6+ad«+ft».        10.  o*+8a»+2a"+a+l.    8a*+2a*  +  2  +  l. 
11.  a;»  +  15.        12.  4a«  +  2(aft  +  ac+ftc).        18.  8a«-a6+66*. 
14.  a*-8a6+6».        16.  a»  +  2aA  +  &«.        16.  a«+6»+c«+<l«. 

17.  This  expression  when  reduced  will  be  fonnd  to  be  not  a  complete  square,  and 
the  square  root  of  it  may  be  continued  to  any  number  of  terms. 

18.  2a»-*-a«  +  2a-l.        19.  a«»«+8aa5+l.        20.  a^+ab+ae+he. 

II. 

1.  25,  52,  256,  652,  2567,  7652,  12845. 
-•  2.  -5,  -05,  -0025,  60,  600,  816227  .  .  .,  '81622 .  .  .,  -1,  -08162. . .,  "01,  -001. 

8.  -16811 ....  22-8085  . .  .,  -84786 . . .,  1*1,  2-2185 . . .,  221869 . . .,  94868  . . ., 
10049 . . .,  -87960 .  . .,  -91049 . . .,  '7886 . . . 

4.  n,  44.  31,  2|,  22h  *«. 

6.  -6324...,  1-682...,  1-2247...,  4-1982...,  10089...,  1.8267... 

6.  1-2806.  i.,  1-0315...,  10081...,  1-0008.  . .,  I'OOOOS...,  1000008... 

7.  2-6298 . . .,  -8,  '2529 . . .,  -08,  -02529 .  . .,  -008,  8-000003 . . .,  80000003 . . . 

8.  8780,  -0873,  2-7606. . .,  27606.. .,  87-3,  873. 

III. 

1.  See  Art.  8,  2. 

6.  The  quotient  of  the  square  roots  of  two  numbers  is  equal  to  the  square  root 
of  the  quotient  of  the  same  two  numbers. 

7.  Thesquarerootsare^-^— ^  and  ^4.--?  found  by   performing  the   two 

^  8    7    4         4    7    8 

operations.    The  results  may  be  expressed  by  ±  |  ?.^>^  | . 

8.  On  making  the  substitutions  for  x  and  y,  the  expression  becomes 
81a«  +  108a*d  +  108a*&* + 48ad*  + 166«,  of  which  the  square  ixMt  is  9a> + 6a6 + 4i*. 

IV. 

2.  On  making  the  substitution  and  reducing 

c       dn*  -  2amn       ) 

8.  After  the  extraction  of  the  root,  the  remainder,  being  made  equal  to  zero,  gives 
two  yalues  of  sb,  8  and  1.  These  values  when  substituted  for  sb  in  the  given  expres- 
sion give  6776  and  64,  both  square  numbers. 

4.  Extract  the  square  root  and  put  the  remainder  equal  to  zero. 

8.  The  difference  is  x«-i-6a;«+(12-a)a;«  +  (66-&)j:'  +  (96-e>B*+96a;+64.  It 
is  obvious  that  x*,  6»*,  and  64  are  the  first,  seoond,  and  Ust  terms  of  the  square. 


•  •»>. 
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Suppose  p  to  be  the  eoeffident  of  the  thiid  tenn, 

theiiic«+(te»  +  (12-a)*  +  (66-6)aj»  +  (9e-c)aj»+9te+64=(«»+8aj«+iw+8)*, 
and  when  the  Utter  is  expanded,  they  become  two  identical  ezpreaeions,  and  the  co- 
efficients of  oonesponding  powers  of  a;  are  equal,  from  which  may  be  found 

p=.6,  as  ~ 9f  diB  - 4,  and  c=  >  12. 


V. 

1.  The  nnmber  iB  2. 

2.  Here  850=»2.5M7.    The  moltiplier  required  is  2.17. 

8.  The  som  is  2>/'9 :  the  difference  2>/*4  :  the  product  '5,  and  the  quotient  5. 

7.  If  poasible,  let  >/iira»a+£,  p  and  q  being  prime  to  each  other« 

than-y=««+?5P+£!;  .r.2l-iir-a«-?^. 

and  ^-.^qN"  a*q - 2ap,  an  integer. 

_( 
But  since  J?  is  prime  to  g ;  .*.  also  p*  is  prime  to  2»  ^  is  ft  fraction  in  its  lowest: 

9. 

terms ;  but  ^  is  an  integer,  which  is  absurd. 

It  therefore  foUows  that  it  is  not  possible  to  express  the  square  root  of  an  incomplete.  > 
square  in  the  form  a+^. 

8.  When  the  numerator  and  denominator  of  the  fraction  which  produces  a  re- 
curring decimal  are  square  numbera,  the  square  root  of  the  fraction  will  produce  a. 
recurring  decimal, 

^        *^9    8 

9.  Let  iVbe  the  given  number  whose  square  root  consists  of  2n+l  digits  \p  the 
number  composed  of  the  first  a+ 1  digits  found  by  extraction,  q  the  number  remain- 
ing of  n  digits. 

Then  N^{p,  10"+g)«-|>»  .  10«"+2. 10*. i>.  gr+j"  ; 
.-.  -y-p*.  10**-2 .  10".iJfir+g«  ; 

iy-pMO»_^.l    q    q 
••   2.10-.P  ^^2'i0"-p' 
Kow  i\r-j?*.  10*"  is  the  remainder  after  the  first  n+1  digits  of  the  root  have 
been  found  by  extraction,  and  2/>.10'*  is  twice  the  portion  of  the  root  found. 

And  dnce^comurts  of  »  digite  «id  ICof  «+l  di«iti^  .-.X  b  UMthaal;. 

also  2  is  less  than  1,  for  ji  consists  of  n+1  digits. 
P 

Hence  .*.  -.-L .  ?  is  less  than  1,  and  may  be  omitted,  as  it  will  not  cause  an 
2  10»  g  ^ 

N    o'  10*" 
error  of  unity  in  the  result ;  •*.  r     ^  '^^     =sg   the  number  composed  of  the  re- 

'  2.ii.l0"        ^  ^ 

maining  n  digits. 

If|9  denote  the  nearest  square  root  of  i\r,  r  the  remainder,  then  N'^p^  +r,  but 
N\a  loss  than  (p+l)*  ;  .*.  p'+r  is  less  than  jp'  +  2p+l,  and  r  is  leas  than  2p+l ; 
that  is,  the  remainder  after  any  step  in  the  extraction  of  the  square  root  is  always- 
less  than  twice  the  root  found  increased  by  unity. 
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VI. 

1.  See  Art.  4. 

2.  (101293)« =(101290 +S)« -(101290)»  +2Xl01290x8+8«. 
8.  By  Enc  I.  47.    8'  +4'  »5*.    Multiply  these  eqnak  by  x\ 

.*.  (80)*  +(4a!)*  *(&b)*»  in  which  a;  may  any  number  whatever. 

6.  If  OS  be  any  number,  2a;+l  is  an  odd  number.    And  (2as+l)* — 4x* +4a9+l ; 

.-.  (2aj+l)*-l=4a!«+4«=«4a(«+l); 
but  since  a;  is  an  odd,  a; + 1  is  an  eyen  number ; 

.'.  (2a;+ 1)'  - 1  is  divisible  by  8. 
8.  (2is+l)'»4(a;«+a;)+l.   If  x^l,  2,  8,  &o.,  it  will  be  found  that  othernumbers 
besides  odd  square  numbers  when  divided  by  4  have  unity  for  their  remainders. 

12.  If  5  be  the  last  digit  of  a  number,  and  a  denote  the  number  composed  of  the 
other  digits,  then  10a+ 6  is  the  number,  and  the  square  of  lOa+6— 100(a* +a)4>25, 
of  which  100(a* + a)  ends  in  two  ciphers.  Also  100(a*  +  a)s  100a(a + 1)  is  the  pro- 
duet  of  two  conseoutivis  numbers. 

18.  Let  X  the  digit  in  the  place  of  units,  y  in  that  of  thousands, 
shew  (10«y+«)'-(10'a;+y)*s(10«-l)(y«-x*),  and  exemplify  its  truth  with  each 
of  the  nine  digits. 

VII. 

1.  If  a,  &  be  any  two  numbers,  and  e,  d  other  two  ;  shew  that  (a*  -f  &')(6*+cI*) 
may  be  expressed  in  two  ways  as  the  sum  of  two  squares. 

€ee  Section  IV.,  p.  80 ;  X.,  Ex.  8. 

IK.  If  X,  aT+l,-as+d,  a+8  denote  four  consecutive  numbers, 

then  aj(aj+l)(«+2)(a?+8)+l=(aj*+8«+l)«. 
And  if  2a;+l,  2aj+8,  2x+5,  2x4-7  denote  any  four  consecutive  odd  numbers, 
-then  (2x+l)(2a;+8)(2a;+5)(2a;+7)  +  16=(4x*  +  l&B+ll)".    These  may  be  verified 
by  taking  for  x  any  number  whatever. 

7.  The  least  numbers  which  satisfy  the  condition  a*+h*'^e*  are  8,  4,  5  and 
"S'  +  4* =5*.  And  as  8,  4,  5  are  prime  to  each  other,  their  least  common  multiple  is 
60,  which  will  always  be  a  divisor  of  dbe,  when  a=8a;,  h^^iZf  c^6Xf  x  being  any 
integral  number  whatever. 

S,  See  Section  IV.,  p.  80 ;  X.,  Ex.  4. 


VIII. 

1.  If  the  diagonal  be  80  feet,  then  >/450  is  the  length  of  a  side ;  and  if  80  be 
the  side,  then  >/l®^^  >*  ^®  diagonal 

2.  Side  of  the  equivalent  square  is  >/(970'25x260'4). 

4.  If  a,  b  denote  the  lineal  units  in  the  sides  of  a  right-angled  triangle,  and  e 
those  in  the  hypotenuse,  then  a*  +  &*se>.  The  area  of  the  required  square  is  60 
square  feet,  and  the  side  is  5^2  lineal  feet.  By  a  sinular  process  a  square  may  be 
found  equal  to  any  number  of  squares. 

IX. 

1.  If  X  denote  the  breadth,  then  8a;  is  the  length,  and  8a;*  -t  80, 000,  the  area  of 
the  field,  »•  -10,000,  a;«100,  the  breadth. 

8.  If  a;  be  the  side  of  the  garden  when  the  path  goes  half  way  round,  then 
4840-a;«»605,  and  a!»v^4235,  and  ^/4840-^/4286- width  of  path.  If  the  path- 
way go  completely  round  the  garden,  then  (>/4840  -  2a;)*  ■>  area  of  garden^  and 
4840—  area  of  the  path  and  garden ; 
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.'.  4840-(>/4840-2x)<»  areft  of  path, 

-i  of  4840 ; 
.•.  (^/4840-2a;)»-4236, 
and  V4840-2a:->/4285, 

22; -1/4840-^/4235, 
a;-i(^4840  -  ^/4285)  the  width  of  the  path. 

X. 

The  cube  roots  are  the  following : — 

1.  a-1.  2.  aj+aj->.  8.  a«-a-l.  4.  a*  +  l.  6.  aaj-63/, 

6.  2a»-86«.  7.  a«-2a+l.  8.  8a«-4a«+a;«.  9.  2aj*-3«  +  l. 

10.  *•-?.  11.  ?-A.  12.  ^-1-1 

X  2    8a>  6         a 

XL 

The  following  are  the  cube  roots  of  the  numbers  :  — 

1.  64,  81,  125,  145,  165,  173. 

2.  25,  52,  256,  652,  2567,  7652. 
8.  -4,  -04,  -21,  -074,  '094,  -0301. 

4.1-0038...,    2124...,    -7368...,    '3419...,    -15874...,    2*38..., 
1*508. .  . ,  2-070 . . . ,  2-083 . . .  ,  1*241 . . . ,  2155  ... 

5.  1-01,  9-6,  21  1,  3-48,  8-88,  904. 

6.  1-259,  1-912,  2154,  4-641,  1*464. 

7.  -793...,  -956...,  *650...,  1*5.  1-493...,   10*102...,  1*,    *8735.,. 


XII. 
2.  Shew  that  x^  is  greater  than  (x+ 1)^. 

^        '       \         1.2        )         (     1.2    ) 
See  note,  p.  14,  Section  X. 
6.  See  p.  9,  Art.  9,  note. 

6.  See  v.,  Ex.  7. 

7.  See  y.,  Ex.  8. 

8.  The  foorth,  sixth,  and  ninth  roots  of  the  given  numbers  are  each  '13. 

XIII. 

1.  See  Art  11. 

2.  If  0,  6,  e  be  any  three  numbers,  then  shew  that 

(a  +  6+c)»-(a«+6»+c»)=3(a  +  6)(6+c)(c+d). 
8.  (a;+l)«+a;(a:+l)  +  «*  =  (aj+l)»-aj«. 

5.  Let  X,  x-\-l,x+2  denote  any  three  consecutive  numbers,  then 
x(x+l)(x+2)  +  {x+l)={x+iy ;  al60  (aj-l)(a;-2)(aj-3)  +  (»-2)=(ar-2)«. 

6.  If  a,  5  be  the  numbers,  shew  that  a*  +  &'  + 1  is  greater  then  Zab,    See  Ex.  18, 
p.  45,  Section  lY. 

7.  The  number  expressed  by  its  prime  fjM^tors  is  2.8'.5*.7,  and  the  required 
multipUerifl2*.3.7*. 

8.  Here3*  +  4*  +  5*»6*;  multiply  these  equals  by  «* ;  then 

(3a;)'+(4a;)«  +  (5a;)>=:(6(B)*,  in  which  x  may  be  taken  equal  to  1,  2,  3,  4,  &o.  Also, 
alnce  6»  +  (20)»  +  (36)»=(88)« ;  then  (6a?)»  +  (20aj)»+(36x)»-(88a;)»,  and  x  maybe 
fractional  as  well  as  int^graL 
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XIV. 

1.  96  aqaare  inches  in  its  surface,  216  cable  inches  in  its  yolnme. 

2,  The  edge  of  the  cube  is  10  inches,  its  surface  is  600  square  inches,  the  diagonal 
of  one  of  the  faces  10>/2,  the  diagonal  of  the  cube  10^8  inches. 

4.  The  content  is  l(>/8  + 1)  cubic  inches. 

7.  The  cube  root  of  the  number  which  expresses  the  content  of  the  panlleloplped 
will  be  the  edge  of  the  equivalent  cube. 

11.  Find  first  the  content  of  the  three  cubes,  and  the  cube  root  of  their  sum  will 
be  the  edge  of  the  cube  required. 

XV. 

1.  The  dimensions  are  50,  100,  200  inches  respectively. 

2.  The  cube  root  of  the  content  gives  the  length  of  an  edge  of  the  cube,  and  6> 
times  the  square  of  this  number  will  give  the  number  of  square  yards. 

4.  The  length,  breadth,  and  height  are  respectively  32,  16,  and  8  feet 

5.  The  height  is  9  feet,  and  the  length  and  breadth  are  respectively  82  and  24 
feet. 


6.  The  length  of  a  side  is  f  1??1?Z?L  U  feet 
^*  C 16X1728) 


7.  The  length,  breadth,  and  depth  are  respectively  (1Z£^  feet 

8.  Difference  between  external  and  internal  surfaces  is  2im{a+m)  square  inches, 
and  content  of  the  boards  of  which  the  chest  is  composed  is  2m(8a'  -6am-«-4m*)' 
cubic  inches. 

9.  The  length  of  the  edge  is  8  feet. 

10.  The  quotient  arising  from  the  division  of  £8,584 188.  7d.  by  £4  8s.  4d.  gives 
the  number  of  cubic  inches  of  the  mass.  The  cube  root  of  this  number  gives  the 
lineal  inches  in  the  edge  of  the  cube. 

12.  The  balls  are  supposed  to  be  in  layers  so  that  the  diameters  of  the  balls  where 
they  touch  one  another  are  in  vertical  and  horizontal  straight  lines.  And  the  num- 
ber of  balls  which  can  be  packed  in  the  box  is  equal  to  the  number  of  cubes  which- 
also  could  be  packed  in  the  box,  if  the  edge  of  each  cube  be  equal  to  the  diameter 
of  each  balL  The  portion  of  vacant  space  in  the  box  is  the  difference  between  the 
content  of  the  cubes  and  the  content  of  the  balls. 

The  content  of  a  sphere  is  two-thirds  of  its  circumscribing  cylinder,  or  if  r 
denote  the  radius  of  sphere,  then  the  content  of  the  sphere 

.?X(2vr*)  or  i^,  where  «-8-14159 . . . 
8  8 

If  the  baUs  be  each  m  inches  in  diameter  the  vacant  space  will  be  expressed  by 
a»{m«-!j.!i^j=a»m*(l-g. 

In  the  question,  suppose  the  edge  of  tlie  box  25  inches,  and  find  the  vacant 
spaces  in  the  three  cases,  when  the  balls  are  one  inch,  half  an  inch^  and  one-third 
of  an  inch  in  diameter. 

XVI. 
1.  o^.        2.  a»».        8.  «-*•.        4a'.        6.  «•»-*»+♦.         6.  a\        7.  «"+". 


8.  o*-*-*-*.        9.  ±a'"».       10.  »— •.       11.  a—.        12.  a-"».        18.  a 
14.  a  " .        15.  a".       10.  o« .  6  —  •        17.  a  "  .  J 


n 


18.   J  *!! (       .       19.  .  .^  .. .  20.  5X— ).        21.  a=  * '  6** •* 


• 
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1  \«+« 

19.     _^ 

»*-(,+»)*  *!±<*±!I>' 

22.  a"*^.       28.  a  "^"^"^  .        24.  a  ■^"+"'' 

XVIL 
These  exerdBee  require  no  rezoark. 

XVIII. 

These  prodnets  differ  from  the  exerciees  in  Section  lY.  in  this  drcomstance — ^that 
.the  indioes  of  the  quantities  here  are  fractional  and  not  integral. 

XIX 
The  same  romajrk  aipj^liea  to  these  exercises. 

XX. 
These  exemses  require  no  remarks. 

XXI. 
1.  aj-aJ+l.         2.aj«-a»+l.        8.  a-2a»&l-5.         4.  --1- .?. 

5.  ^-?-l.         e.  l-^+f^  7.  «+2W-l.         8.  ?i-l+^.  ' 

4     8     2  2      3  yi    2i    xt 

9.  «.«i+fa,+M    10.  1+l-f +g+  40.     11.  1+|+?|! _^+g+.  4a 

2     8a     16a« 

XXII. 
1.  a-W.  2.  as+{c»-l.  8.  aj+2a:*+l.  4.  I-Sjb^-jb. 

5.  a+£! -;^+,  &a       «•  1— 4fl^ 
8a*    9a« 

XXIII. 

The  Terifioation  of  these  expressions  inrolyes  the  same  operations  as  in  p.  88, 
•'Section  lY.,  the  only  difference  being  that  in  these  examples  the  indioes  are  frac- 
tional and  not  integraL 

XXIV. 

1.  6.      2.  If.      8.  aj(«-l)«  +  18-0.      4.  ±2.      6.  6+2>/2.        6.  zl. 

22 

7.  When«=i^»,  (2+>/8)»=l±>^,  and       l+«      ,      l-«     ^g(S=.>^.   ^ 

2  '  ^      ^   '        >/2    '  l  +  (l+aj)»^l +  (!-«)*  8  • 

8.  1^.        9.  8.        10.  «'  +  l  +  (l+2«'-lg«^)*        iL  (C^8-l)«* 

«  4a«  iy2 

XXV. 

These  exeroiaes  are  reduced  in  the  same  manner  as  those  in  pp.  18,  14  in 
^Section  V. 
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• 


1. 


l-»»  o       aj+1  .  aj«-2aj-l 


[jl+5aj«  aj*+a;-l  «»-2»«-eaj-8-2jr(aj+l)(a;  +  l)» 

(»+ IKoj*  -  8aj-8)  -  2a;(«+l)(»+l)*'"aj*  -  Soj- 8  -  2jc(aj+ 1)»  * 
(a;»-8a?~2)  +  (g»-l)(g«-4)*    (««-l)(«-2H:(«^^a)(«^^)* 
*   («•  -  8aj+2)+(a;»  -  !)(»•  -4)i^^?i: !)(»+ 2)+  (a>«  -  !)(»»  ^  4)* 

(aj«-lX«+2)».  {(a:+2)4+(aj-2)»}"'  (  aj+2  j 

XXVI. 

Tho  Terifioation  of  these  eqniyalents  is  effected  by  exactly  the  sftme  processes  as. 
those  in  p.  24.,  Section  Y.,  the  only  dififoranoe  being  in  the  fractional  indices. 
In  Example  18,  one  side  of  the  equiyalent  is  omitted.    It  should  be 

2aft-{(l-c^)(l-ft*)|* 


XXVII. 

1.  See  Sect  IV.,  Art.  8,  and  notes  pp.  2,  8 ;  and  in  this  Section  VI.,  Art.  8». 
and  notes  pp.  8,  4. 

2.  a«  +  6«-(a+V-I)(«- V-1)- 

-    2+8^/-l    2  +  B^-l    4-6^/-l     28    2t/-l 

4+6iy-l"4+6x/-1^4-6i/-l"4l'**     41     ' 

a+h^-l    a-hb^ ~1    e-d\^ -1    ae+bd    {be^ad)\^ ^l 
e+d)/  -l""c+dv^  "l^e-d}/  -l-c«+'rf«"*"       c«+d« 

4.  See  Art  8,  pp.  2,  8. 

5.  See  Art  18,  and  note  pp.  17,  18. 

*  1  i  1 

6.  First  (-a)*^X(-Jr«(aX -1)*"X(5X-1)*- 

1  111 

-a*'.(-l)*".J*-(-l)** 

—  1+1 

1^  i_ 

«(ad)**.(-l)**. 

Hence  the  product  involves  (-1)*",  anerenroot  of  —1,  which  is  an  impossible- 

expression. 

1  1  1  1 

Naxt  ( -  a)*^X  ( -  J)***-»«(ax  -  1)*^*X  (*X  - 1)*^» 

=(a*-+« .  ( -  1)*^*X 6*^ .  ( - 1)*-+« 

«{aJ)*'+*.(-l)**+« 

I  i_  1 

=(aft)*"+« .  ( -  !)*-+>=>  -  (dbY*+\ 
Hence  the  product  Inwlving  an  odd  root  of  - 1  which  is  always  possible  andx 
equal  to  -1. 
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10.  The  thiid  power  of  zl^^L—lig  +1 ;  hence  this  ezpreasio&exliiUte  the  two 

fymbolic  oabe  xoots  of  +1.    And  the  third  power  of  "*"  — ^~     is  - 1»  and  the 
•expreedon  gires  the  two  symbolic  cnbe  roots  of  —1. 


And    -l  +  i/-8_-H-t/-8^-l-t/-8 


2 


-1-I/-3     -l->/-3 


XXVIII. 

The  first  eight  examples  offer  no  difficulty  beyond  the  exact  performance  of  the' 
operations  indicated. 

9.  This  may  be  shown  in  two  ways:  by  extracting  the  sqoare  roots  of  each 
quantity  and  taking  the  sum  of  the  results,  and  by  squaring  each  side  of  the  ex- 
pression, and  showing  that  the  resolt  when  reduced  is  82+68=100,  an  obvioua 
identity. 

XXIX 

The  first  five  examples  require  na  remark. 
6.  The  expression  may  be  put  into  the  form 

y-V-1     y-2V-l    2g-yi/-l    (g-yt/~l)(y+V-l 

y-2aV-l    y+2V-l     JB-yV'-l  >/(aJ«+y«)|/-l 

y-V-1  ^(2g-y^/"l)(y+g^/"l) 

(y«+g«)         (2g-yv^-l)     -(y*+g«)_  _  .^,      ,v| 
-(2a;-yV-l)'^  >/(»'+y)  "">/(a?»+y*)        ^        "^  ^ ' 


XXX. 

1.  a^-12a;=(-l  +  2v^-l)*-12(-l+2V-l)=5. 

a«+6»    •^    a«+6« 


XXXL 

1.  Hie  sum  is  7>/8 ;  the  difference  <^8. 

8.  15^6 ;  8>/5. 

6.  «^10;«i/10. 

7.  8^4 ;  2^/4. 

9.  18</8 ;  V8. 
11.  i%\/^ ;  AVi. 
18.  5^/8 ;  */8. 


2.  168>/8 ;  38>/8. 

8.  (2±v'5)>/8. 

a  5V6;  V5. 
10.  8V9 ;  K/9. 

12.  ,vvi8 ;  i^Vis. 

14.  2(v/5±>/3). 


1.  Product  is  224 ;  quotient  2. 

8.  15600^/8 ;  A^/8. 

5.  i;  |. 

7.  64>/10 ;  |>/10. 

9.  24V1170 ;  AV1170. 

11.  *V16 ;  AVioo. 
18.  V* ;  4  V». 
15.  24V8 ;  i V<'> 

17.  9V12 ;  W««. 


XXXII. 

2.  48t/8 ;  |is/3. 
**  ^W8 ;  A>/3. 
«.  A;  «. 

8.  104  V18  ;  1^  V36. 

la  iVioo ;  f V4. 
12.  tHV5;  A. 
H.  W^ ;  HV8. 

16.  6V72 ;  JV648. 
18.  V288 ;  i(/288. 
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XXXIII. 

1.  8,  V3.  ^  fiv'S.  2.  76,  876>/8,  6C26,  28126^/8. 

8.  12,  24^/8,  144,  288>/8.  4.  i  f i/S,  ff,  ifv^S. 

«•  ¥.  MV7,  W,  ^tfhJf'  «.  72,  144^/2,  676,  1162^/2. 

7.  9V9,  81,  248V8,  729V9.  8.  JV86,  *,  M/6»  AV36. 

9.  26V26,  625,  8125V6,  15626V26. 

10.  7±4V8,26±16>/8,  97±56>/8,  862±209>/8. 

11.  6±2>/6»  lV2±9s/8,  49±20v'6,  109/2±89^8. 

12.  77  +  80v^6,  655>/2  +  58V8, 11829 +4620>/6,  98226>/2+80187i/8. 

XXXIV. 

{|/2P=»(2»)»=2»  or  V2 :  {t/2}*={2»}*=2*  or  V2. 

(6V6)»=(5.6»)*=6».6*=(6«6)*=(125)*  or  V126, 

(6>/6)*=(6.6i)»=6».6*=(6«.6)*=(126)*,  or  ^125. 
The  square  roots  of  the  Ust  foor  examples  can  be  found  as  the  example  in  the 
note,  p.  16.    The  roots  are  respectiTely 

8  +  1/8,  ^^^,  8v^8-2^/2,  2  +  8>/-l. 

XXXT. 

1.  HeTe8t/147=8v^(49x8)=8x7|/8=21V8 

-8t/76=-3v^(26x8)=:-8x6t/8=-15v^8 
-  8^i=  -  8v/|«  -  8  X  it/8=  -  i/8 

.-.  8i/147 - 81/76- 81/ i=(2I -16-l)^8=5i/8. 

2.  J^i/8.        8.  18  +  20^/2-12^/6.        4.  8V2+7V8+6V6  +  2V80. 

6.  1  +  V3  +  V6.    See  XXXIX.  8,  p.  86.        6.  V2. 

7.  2V3.        8.  76V2.        9.  V3  +  2V2.        10.  ^K/Z. 

11.  Let  ( V6 + 2)» + (V6  -  2)»=a,  and  put  (V5 + 2)»=a,  ( V6  -  2)»=6, 

then«=a+&, 
andaj»»(a+6)»=a»+6»  +  8aJ(a+6), 

but  a*  +&*«2V6,  snd  8a5»8, 
,«.  iBSs2V6+8a^  anda;*-8;E=2V6. 
To  find  the  yalue  of  x  requires  the  solution  of  a  cubic  equation. 
12.  17*69.        18.  90. 

XXXVI. 

Since  (V«+V&)(V«-\^)=«-^  »»d  {a^x-¥h^/y){a\/x-h\/y)=a*x—h*y; 
it  is  obvious  that  V<>  +  V^  °^7  he  made  rational  by  multiplying  it  by  V^  "  V^ '» 
and  V^  ~  V^  ^  multiplying  it  by  V^ + V^* 

Similarly  for  the  factors  asjx+hsjy  and  as/x-t^y. 

When  there  are  three  terms,  \/a+*^b+\/e, 
since  /(V«+V^  +  Vc}-{(V»+V*)- Vc}=(V«+V*)" -«=(«+ ^-«)+2Vfl*» 

and{(a+6-c)  +  2aVft}.{(a+ft-c)-2V«*}=(«  +  ^-c)*-^^- 
And  two  factors  will  be  required  in  general  to  render  such  a  denominator  a 
rational  quantity. 

J    8-6V2    8-5V2    3  +  2V2    24-i-V2-20_^^    .^ 
8-2V2'"8-2V2^8  +  2V2'^       9-8 

16.B^(5.12)*-|^,j*=^ 
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10.10*    2.10* 


T^M  giren  expression  by  these  sabstitations 

.              10»'       2  J       19  1     1 
becomes  -^-^ ""TlT^ 


^\--'\ 


XXXVIL 

1.  These  reductions  offer  no  difficolty,  as 

,     V245+V7ft    V245--V75    7V5+6V8    7V5-5V8 

'      V6-V8    "*"    Vfi+V8   "^  V5-V8  "*"  V5+V8 

60+12V15    60-12V15 


2 

^60. 
2 


:li^=50. 


XXXVIII. 

1.  The  expressions  2^,  8^  4^,  6^  6^  are  respectively  equivalent-  to  (2*o)^ 
<3«o)*  (4»»)*,  (5")*  (6>o)A;  and  by  expanding  the  powers  2«o,  8«o,  4",  6", 
6^^,  their  nmnerical  yalaes  will  be  known  and  the  given  expressions  can  bo 
«minged  in  the  order  of  magnitude. 

Q    J 2_    V§    2V8 

Vs^vs'^Vs"  8  * 

2V8    2V3    V2    V6,   .^ 

va^vu^Va""  2     ^ 
(|)*=Ce)*=V«. 

/2\l    /2;^\i./i^8\i    /12\1    (12)»    V12 
W  ""VSV      \8*    8/  ""Uv  ""T""*"?^ 

^_1 1__    ^/2_^/2 

^^"8l"'l6V2^  V2"*  82  * 

7*-{7*}»or{7»}i 

C087)i«(iJ55J  -[27i  *(7;7^8»"r 

The  extractions  and  divisions  in  each  example  are  to  be  carried  out  to  four 
places  of  decimals. 

8.  /^i  is  greater  or  less  than  \/5, 

According  as  4*  ,,  „  5^ 

t»  4^  f,  „  5*,  raising  each  to  the  12th  power. 

ft  250  „  „  125, 

but  256  is  greater  than  126, 
.'•  also  V^iflgi^ter  than  ys. 
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Similarly  2*  is  leas  than  8^ 

8  V2  is  greater  than  2  V8. 

(5«)*  is  less  than  (5*)l, 

and  because  (5*}i=»&l»5^^ 

and  6«^«5>-w— 

therefore  (5*)*  is  greater  than  5*  . 
V7  is  greater  than  2^8. 

1  is  less  than  (?)* 

^  is  greater  than  ^C— 
V2  V5 

4.  Here  VIO +*s/7  u  greater  or  less  than  V^^  +  V3* 

According  as  17 +2V70  „  „  .     22  +  2 V5.7i  by  ^naring  eadi  side. 

„  2V70  „  „        6 +2V57,  subtracting  17. 

,.  280  „  „        25  +  20V57  +  228, 

bat  260  is  obyiously  less  than  25  +  20VS7+228, 
.'.  V10+V7  is  less  than  t/19+v'8. 
(2)  t/2+t/7  is  greater  than  t/8  +  t/5. 
(8)  ^^5  +  1/14  is  greater  than  t/3+8v^2. 

(4)  i/6-v^5  is  greater  than  V8-1/7. 

(5)  2^+5^  is  less  than  8. 

5.  If  eyeiy  two  of  the  three  lines  be  greater  than  the  third,  a  triangle  can  be- 
formed  with  tiie  three  lines. 

6.  It  is  obvious  that  if  tha  sides  of  the  equilateral  triangle,  the  square^  the 
pentagon,  be  given  in  magnitude,  the  areas  of  these  regular  figures  can  be  deter- 
mined, and  consequently  the  sur^uea  of  each  of  the  five  regular  solids. 

The  sur&ce  of  the  tetrahedron  is  eqpal  to.the  area  of  four  equal  and  equilateral 
triangles. 

The  surface  of  the  hexahedron  is  the  area  of  six  equal  squares. 

The  surface  of  the  octahedron  is  equal  to  the  areas  of  el^t  equal  and  equilateral 
triangles. 

The  sui&ce  of  the  dodecahedron  is  equal  to  the  area  of  twelve  equal  equilateral 
and  equiangular  pentagons. 

The  surface  of  the  icosahedron  is  equal  to  the  area  of  twenty  equal  and  equilateral 
triangles. 

A  sphere  can  be  inscribed  within,  and  another  circumscribed  about,  each  of 
the  five  regular  soHds,  in  the  same  manner  as  a  cirele  can  be  inscribed  within  and 
another  dreumscribed  about  each  of  the  plane  regular  figures,  the  equilateral 
triangle,  the  square,  tiie  pentagon. 

Suppose  a  sphere  desGrlbe4  about  a  regular  tetrahedron,  the  surface  of  the  sphere 
will  pass  through  the  four  points  of  the  trihedral  angles  of  the  tetrahedron.  If 
lines  be  supposed  to  be  drawn  from  these  points  to  the  centre  of  the  circumscribing 
sphere,  these  lines  will  be  each  equal  to  the  radius  of  the  sphere.  Hence  the 
tetrahedron  may  be  conceived  to  be  divided  into  four  equal  triangular  pyramids, 
whose  oommon  vertices  are  at  the  centre  of  the  sphere,  the  three  edges  of  each,  radii 
of  the  sphere,  and  their  four  bases  the  equilateral  triangles  which  make  up  the 
surface  of  the  tetrahedron. 

Since  the  content  of  any  pyramid  ia  equal  to  one-third  of  the  content  of  a  prism 
on  the  same  base  and  of  the  same  altitude,  the  contents  of  the  four  equal  pyramids 
can  be  found,  and  the  content,  or  volume,  of  the  tetrahedron  determined. 

In  a  similar  manner  it  may  be  shown  that  :^ 
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The  Tolnme  of  tlie  hexahedron  is  equal  to  the  Tolames  of  mx  equal  pyiumda 
whose  bases  are  equal  squares. 

The  Yoluxue  of  the  octahedron  is  equal  to  the  Tolumes  of  eight  equal  pyramids 
whose  bases  axe  equal  equilateral  triangles. 

The  Tolume  of  the  dodecahedron  is  equal  to  the  Tolumes  of  twelve  equal  pyramids 
whose  bases  are  equal  equiiateial  and  equiangular  pentagons. 

The  Tolume  of  the  ioosahedron  is  equal  to  the  rolumes  of  twenty  equal  pyiamids 
whose  bases  are  equal  equilateral  triangles. 

XXXIX. 

a  a 

8.  Sinoec=6(l-6*)*+6(l-a*)*; 

.-.  c-a(l-6«)»=6(l-o«)», 
c*  -  2aKl -6*)*+a* -a«6»=:6« -6«a«, 

See  Section  IV.,  XIII.,  Ex.  10,  p.  82. 

5.  Since  x{a*  -y')* + y{a*  -««)*-  a», 

a5(a*  -y*)»— o*  -y(a»— oj*)*,  by  squaring  each  side, 

then  a;«o"  -«*y*  =a*  -  2a*y(a*'-x*)^+a*y*-»*y*, 

and  2y(a«  -  »• )» —  a*  -  («•  -  y*),  squaring  again ; 

/.  4y«a"-iy«a:«-a*-2a«(aj*-y»)+(a5*-y«)% 

whence  a*  -  2a«(«« +y«)+(a5* +y«)-0 

.".  a«-(aj«+y«)— OandaB«+y*-a«. 

6.  Since  a^+y*—<i^,  «*+y»-a»— 0, 

and  SB + y + a + 2sBiyt — 26^  -  2a V  ■"  0 
85 + y + a — 2(a»jrf + a»y*  -  a!»y*) 
(«+y + a)'  ■■4(oaj+ ay +a!y+ 2(kbV  -  2«a^  -  2yaM) 

.4  I  <^+y"**)'  +  a(a;-<-y)4-a(a-g^y)-<-a(g-i-y-a  | 

-(aj+y-a)"+a»(«+y)-2(««+y»+a«). 
The  truth  of  this  also  may  be  Torified  by  numerical  examples,  ai^  for  instance^ 
when(16)«+(25)«-(81)>. 

8.  If  (a+M+c*+d»)»-a^+y*+«», 

Thena+&i+ci+dt=:as+y+s+2(av)^+2(»)t+2(ys)^ 
and  s+y+sso,  2{a^)*«M,  2(»)t-^,  2(ysr)*»<2*. 
Hence  2(xy)i2(a»)t.2(yz)*sMdi,  or  &i^b(M)^  andse+y+s-o, 

.-.  2a(60d)4Bl<ktys(x+y+s). 
But  ixymh,  iasBC^  4yz=<2, .".  ftc+M+ai-16(««y»+y«aa+2«a^)asltoy»(«+y+«). 

Hence,  therefore,  2a(&o()*ss5e+M+«L 

9.  Let{r+(r>+g»)»}»=a,{r-.(r«+g>)l}i=ft; 

thena;*«»(a+&)>Ba*+5*  +  8a5(a+(}»2r-8^; 
.'.  «'+8ga!-2r=0. 
10.  Find  y  and  « in  terms  of  z,  and  substitute  these  values  in  sH +y-"> +r^«"l, 
whence  sb  is  known,  and  y,  s  by  substitution.    Lastly,  substitute  these  values  of 
ss^  y,  » in  ox* +Jy« +«■. 

XL. 
4.  Since a(i-c)*-c(6+c)>«-c; 

•-(*+«)•    and  ?^i^*+* 


•  •  — 


c    (6-c)>'  c*    6-c 


61 

5.  In  the  Terifioation,  when  x^^ab  is  found, 

(g+g)(6+g)    2a5  +  (g  +  5)g*ft*      2a>d*-<-o+6       (ak  +  hk)*    ^ 
(a-«)(6-»)'^2a*-(o+6)a*6»"'2a»6»-(a+6)'~-(a*-6*)«' 

"((a-ajX*-a!)J        J  -(a*-W)«  t        Ja»-W>' 

6.  Express  the  products  of  the  factors  in  the  nnmerators  of  the  two  fnctionsy  as 
thesomsof  two  squares,  and  l  +  ifLl*)l=l+ill^!.. 

7.  Sappose  l+aa;+6y  _^, 
oapposa  |(n.^.+e>*)(l+««+sf)}*     -^' 

then(H-aaj+fty)«=(l+a«+6«)(l+a;«+y«),whence(a-a5)«  +  (6-y)«+(ay-te)«=0. 

8.  The  quotient  is -/(I -aj»)v^(l-y«)- ay. 

9.  From  xy+xz-¥yz==l,  a=l±lg,  and  i+a>«=.(y-»-^)*  +a~y»)'  . 

ako  (,+y).=a±.^!&^    ...  a,  j  (^-^fiyy^'j  *.a<.+y). 

Similarly  y{a±g^)  [*=y(a:+s),ands{ 

10.  Since  a:«+y«+a«  +  2a^=l,  2ajy«+»«=l-jB»-y\  and  adding  as*y*  to  these 
equals,  x*y*  +  2xyz+z*=\-x* -y*-\-x^y*,  or  (l-aj»Xl-y')=(«+ay)». 
Similarly  (l-y«)a-«»)= («+»»)■  and  (1 -«•)(! -s«)=.(y+a»)«. 


XU. 

1.  See  Art  15,  p.  16.  2.  See  Art  16,  p.  17. 

5.  The  former  is  the  greater  or  the  less,  according  as  z*  is  greater  or  less  than  ab, 

6.  Here  a>+ai&  is  greater  or  less  than  db^  +  li\  according  as  a^a+h)  is  greater  or 
less  than  &i(a+(). 

7.  Since  a{l  -  6«)*+ 5(1  -a«)i  <1,  then  a(l  -  6*)*  <1  -  5(1  -  o»)», 

and  a«  -a«6«  <1  -25(1  -  a«)»+5«  ^  a«5,  or  25(l-a«)4  <(6«  -«•)  + 1, 
also  45«  -  4a«5«  <(5«  -  a*)»  +  2(5« -a«)  + 1,  whence  (6«  +  a«)«  -2(5« + a«)  + 1>  0 ; 

.-.  5«+a»-l>0anda«+5«>l. 

8.  Leta>5,  5>e,  thena3-2a5+5*>0,  anda«+2a5+5*>4a5; 

.'.  a+5>2(a5)»,  similarly  5+c>2(5e)*,  a+e>2(a<;)i ; 
.•.  2(a+5+c)>  2{(a5)*  +  (5c)»  +  (ac)»},  and  a+5+(>(a5)»+(5c)» +(«?)*. 

In  a  similar  way  may  be  shewn  that  a+5+e+d>  i{abed)^. 

For  a + 5>  2(a5)*,  c + <2>  2(aQt ; 
.-.  a+5+c+d>2{(a5)4+(crf)*)}>4{(a5)*(«i)»}»>4(o5ai)». 

9.  Sinoe«sa+5,  andyse+<i^ 

.-.  ajy«(a+5)(c+<Q=(a»c*+5»ifl)*+(a«»-5M)« ; 
consequently  flBy>  (oM + 5^^)*,  and  a^y<>  oM  +  5^ 
10.  If  the  sum  of  first  and  third  expressions  be  taken  to  be  greater  than  the 
second,  the  sum  of  the  squares  of  the  first  and  third  will  also  be  greater  than  the 
square  of  the  second.    From  this  inequality  may  be  deduced  that 

2««y* +2jb'»*  +2y«»*  -05*  -y*— »*  is  greater  than  zero ; 
and  as  this  expression  is  homogeneous,  like  expressions  may  be  deduced  by  assuming 
the  sum  of  the  first  and  second  greater  than  the  third,  and  the  sum  of  the  second 
and  third  greater  than  the  first    See  Section  lY.,  XIII.  Ex.  10,  p.  82. 
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12    if«^a;«-y«)+gy(a«~ft«)    1      • 

Then  (a« +6«)(a:»  +y«)>  2ai(aj«  -  y*)+2xy{a^  -&•), 

and  (a»-2a6+6«)a;«+(a«  +  2flJ+6«)y«>2{cy(a»-*«) ; 

.-.  (a-J)«»*  -2(a-d)(a+6)xy+(a+6)V>0. 

.-.  (a-*)»-(a+%>0;    (a-&)a;>(a  +  fc)y;  and ->i±|. 

y     aj— ft 

XLII. 

85  "  —a?  *        a;*     -af*     _a;\a;*-a;^|  x* 


4. 


«  "       a; 


1  1 


6.    ^±^  ^(<^y±i^)* ^^±tr   ^iiich  ia  of  the  forms  Section  IV.,  Art.  18,  p.  22. 
11         11        x^y 

t^±^     {a')±(V') 

o^^^(fl''y±m''^f± IT     act  of  the  reqniied  fomu,  except  when  m=m. 
a"±d*        (a")±(ft*)        x±y  ^ 

^1±^.     If2?.?=r;then2!!*?l!.?^±i!!:. 
o'±^  ji     Sf  <Vf±,b9     x±y 

•  1  i 

6.  a"-5"==a^-(ft")»=a"-«".  a»-5=»a*-(6")*=a»— a!». 

Here  a^^^sif*  and  a^-^s^  have  a  common  divisor  when  m  and  »  are  odd  or  eren 
nnmbers. 

7.  Let  a"» -&•=(»•) -(ft")=aj-y; 

1      1  _i_         _i^     _i       j_ 

then  a»  -  6*=(a")""— (J")"'"=aj""— y^,  and  the  given  exgnasiona  are  reduced  to  the^ 

1      1 

forms  a^i  and  a"-5" . 


z      ■ 


».  Since  af=aF,  .-.  «=aj', .-.  x'^s?'^,  anda"^*'"' 

•••ifi'-i-'-r-^' 

When  aj=22,  then  2«=2z, .'.  2=2. 
ICSincex-jillJ^,   .•..==  i?±|  j=^,  and  a."  =  {i±|}^. 

Then    «'-^'     f^^+J{-  «'-&'     l(a-^b\;^    /a+h\^) 

2(a«+6«)''i^5     •r'*'\,irr6;      i 

2(a»  +  6«)'   la-fti         '    (a-6)« 
(a-by  '  Xa-bS  a^b'  \a-b)  ia-b) 
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methods  are  at  least  as  good  an  *open  sesame'  as  the  Dilllerential  Calculus. 

In  thisi  the  third  edition,  I  haTe  given  Solutions  or  Hints  for  the  solutions  of 
all  the  problems,  in  order  that  a  student  may,  unaided  by  a  tutor,  hare  aU  the 
•dTsntagfi  which  the  book  supplies. 
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EQUATIONS. 

The  inTestigation  of  the  properties  of  equations  and  the  methods  of 
the  solution  constitute  one  of  the  most  important  portions  of  the  science 
of  Algebra.  An  equation  has  been  defined  to  be  the  equality  of  two 
algebraical  expressions,  denoting  some  relation  between  the  known  and 
unknown  quantity  or  quantities  inTolved  in  the  equation.  The  expres- 
sioDS  ''known  quantities"  and  "unknown  quantities''  are  terms  em- 
ployed in  equations ;  the  former  denoting  those  which  are  supposed  to 
be  known  or  assignable,  and  the  latter  those  which  are  to  be  determined. 
The  unknown  quantities  ai*e  always  dependent  for  their  values  on  the 
known  quantities  involved  in  the  equations,  and  the  solution  of  equations 
is  simply  confined  to  determine  "  the  unknown  quantities ''  in  terms  of 
**  the  known  quantities." 

By  means  of  the  notations  assumed  to  desiguate  known  and  unknown 
quantities,  it  is  always  possible  to  distinguish  what  is  given  from  what 
is  required,  or  in  other  words  the  data  and  qusesita  of  a  problem. 

By  the  solution  of  an  equation  or  a  set  of  equations,  is  meant  the 
process  whereby  the  value  or  values  of  the  unknown  quantity  or  quan- 
tities can  be  determined  in  terms  of  the  known  quantities. 

An  equation  may  involve  one  unknown  quantity,  or  more  than  one ; 
and  all  equations  may  be  separated  into  two  general  classes,  determinate 
equations  and  indetermincUe  equations;  the  former  class  including  equa- 
tions which  admit  of  a  limited  number  of  values  of  the  unknown 
quantities,  and  the  latter  an  unlimited  number. 

Equations  both  determinate  and  indeterminate  may  not  admit  of 
any  intelligible  solution.  This  arises  from  some  inconsistent  relations 
either  in  the  data  or  in  the  quaesita,  or  in  both  of  them,  and  will  always 
become  manifest  in  the  results  of  the  solution. 

Every  single  equation  expresses  a  condition — some  specific  relation 
between  the  known  and  unknown  quantities,  and  the  number  of  given 
independent  equations  may  be  equal  to,  greater  than^  or  less  than  the 
number  of  the  unknown  quantities  involved. 

When  the  number  of  given  independent  equations  is  equal  to  the 
number  of  the  unknown  quantities  involved  in  the  equations,  the  equa- 
tions are  determinate,  or  limited  to  certain  single  values  of  the  unknown 
quantities.  If  there  be  two  independent  equations,  each  involving  two 
unknown  quantities,  in  this  case  two  unknown  quantities  are  to  be 
determined  subject  to  two  independent  conditions.  Between  the  two 
given  equations  one  of  the  unknown  quantities  can  be  eliminated,  and  a 
third  equation  is  found  involving  only  one  unknown  quantity,  which 
can  be  determined  in  terms  of  the  known  quantities.  The  other  un- 
known quantity  is  also  determined  by  substituting  in  either  of  the  given 
eriuations  the  value  of  that  already  determined.     Hence  it  ap^Hiai's 


that  two  independent  equations  involving  two  unknown  quantities  are 
suScient  to  determine  the  values  of  the  two  unknown  quantities. 

3ji  the  same  manner,  if  there  be  three  independent  equations  in- 
volving three  unknown  quantities;  the  first  unknown  quantity  can 
be  eliminated  between  the  first  and  second  equations,  also  between 
tho  first  and  thbxl  or  second  and  third  equations;  and  thus  are 
derived  two  equations,  each  involving  two  uuknown  quantities,  which 
case  has  been  considered.  Hence  it  is  manifest  that  three  independent 
equations  involving  three  unknown  quantities,  are  sufficient  to  determine 
the  three  unknown  quantities. 

When  the  number  of  equations  \a  greater  than  the  number  of  un- 
known quantities ;  if  some  of  the  equations  can  be  derived  from  others 
so  that  the  number  of  independent  equations  is  really  equal  to  the 
number  of  unknown  quantities,  the  equations  admit  of  a  definite  solu- 
tion. K,  however,  all  the  equations  are  ind^ndent,  they  may  expi'ess 
incompatible  conditions,  and  every  set  of  the  equations,  equal  to  the  num- 
ber of  unknown  quantities  involved,  will  give  different  ^ts  of  solutions. 

If  the  number  of  independent  equations  be  less  than  the  number  of 
unknown  quantities,  the  given  conditions  are  insufficient  to  determine 
the  unknown  quantities,  and  they  will  therefore  be  indeterminate. 

Equations  may  also  be  divided  into  dififerent  orders.  An  equation 
of  the  first,  second,  third,  fourth,  &c.,  order,  is  said  tp  be  of  one,  twOt 
three,  four,  &c.,  dimensions,  accordizig  as  the  highest  power  of  the 
unknown  quantity  or  quantities  involved  is  the  first^  second,  thirds 
fourth,  &c.,  power. 

Equations  of  the  first  order,  which  involve  when  reduced  only  the 
first  power  of  the  unknown  quantity,  are  named  simple  equations. 

Equations  which  involve  the  second  power  of  the  unknown  quantity, 
with  or  without  the  first  power,  are  named  quadratic  equatioiis. 

Equations  which  involve  the  third  power,  with  or  without  inferior 
powers  of  the  unknown  quantity  or  quantities,  are  named  cubic 
equations. 

Equations  which  involve  the  fourth  power  of  the  .unknown  quantity 
or  quantities,  with  or  without  inferior  powers,  are  named  biquadratic 
equations. 

And  equations  which  involve  higher  powers  of  the  unknown 
quantity,  are  named  according  to  the  index  of  the  highest  power 
of  the  unknown  quantity  involved  in  the  equations. 

Any  process,  whereby  any  quantity  common  to  two  or  more  equa- 
tions, can  be  made  to  disappear  in  the  resulting  equation  or  equations, 
is  called  "  the  elimination  of  that  quantity." 

The  elimination  of  quantities  from  equations  is  an  important  process, 
essential  in  the  solution  of  all  equations  which  involve  more  than  one 
unknown  quantity. 

When  there  are  two  independent  equations  with  two  unknown 
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quantities,  x  and  y ;  if  one  of  them,  a?,  be  eliminated,  the  resnlting  equa- 
tion will  involve  only  y,  the  other  unknown  quantity. 

When  there  are  three  independent  equations  with  three  unknown 
quantities,  x,y^z\  taij  one  of  them,  or,  can  be  eliminated  between  the 
first  and  second,  the  first  and  third,  and  between  the  second  and  third 
equations ;  and  each  of  the  three  resulting  equations  involves  y  and  z. 
As  the  values  of  x,y,zia  the  given  equations  are  determinate^  it  follows 
that  the  values  of  y  and  z  are  the  same  in  each  of  these  last  three 
equations,  and  any  one  of  these  equations  is  derivable  from  the  other 
two,  and  consequently  that  there  are  only  two  independent  equations 
resulting  from  the  elimination. 

Also  from  the  two  equations  involving  y  and  z,  if  y,  one  of  them,  be 
eliminated,  the  final  equation  will  involve  z,  one  unknown  quantity. 
And  this  final  ^nation  may  involve  the  first,  second,  third,  &c,  powers 
of  z,  depending  on  the  powers  of  x,  y,  z,  the  unknown  quantities  in  the 
original  equations. 

If  there  be  four  independent  equations,  involving  four  unknown 
quantities,  by  the  successive  elimination  of  one  of  them,  a  final  equation 
will  at  length  be  obtained  involving  only  one  unknown  quantity. 

When  two  equations  involve  two  unknown  quantities,  x  and  y ;  if 
when  y  is  changed  into  x  and  x  into  y  in  the  two  equations,  they  retain 
the  same  form,  they  are  called  eimultaneaus  eqtuUions,  from  the  mutual 
interchange  of  the  two  unknown  quantities. 

Also  when  there  are  three  equations  and  three  unknown  quantities, 
x,y,z;  if  after  the  mutual  interchange  of  these  quantities  in  the  three 
equations,  they  retain  the  same  form,  they  also  are  simultaneous 
equations. 

The  value  of  the  unknown  quantity  in  an  equation  is  named  the 
root  of  the  equation.  To  solve  an  equation  is  to  determine  its  root  or 
roots,  if  there  be  more  than  one.  It  is  always  possible  to  ascertain 
whether  the  root  found  by  any  process  is  the  true  value  of  the  unknown 
quantity,  as  this  quantity  when  substituted  in  the  given  equation  for 
the  unknown  quantity  always  reduces  the  equation  to  an  identity,  or  to 
the  form  0  =»  0,  if  all  the  terms  are  brought  to  one  side  of  the  equation. 
And  this  value  of  the  unknown  quantity  is  said  "  to  satisfy  the  equa- 
tion," as  3  satisfies  the  equation  5^+7  "^  ^^  >  ^o^  when  3  is  substituted 
for  X,  both  sides  of  the  equation  become  identical  in  value,  thus 
15-1-7  »  22  or  22  =  22.  And  when  3  is  substituted  for  x  in  the  equa- 
tion «*—5;r-|-6  »0,  it  becomes  9—15+6  =  0  or  0  »0. 

And  it  is  importasnt  to  remark  that  this  is  the  criterion  by  which  it 
is  known  that  the  true  root  of  an  equation  has  been  determined.  In 
problems  proposed  for  solution  by  means  of  equations  the  first  step  is  to 
consider  the  nature  of  the  question,  and  to  discriminate  accurately  what 
is  given,  and  what  is  required  to  be  found,  and  to  reject  every  condition 


or  circnmstance  vliich  has  no  necessary  connection  or  relation  to  the 
result  required 

The  next  step  is  to  assume  letters  to  denote  the  data  and  qusesita 
of  the  problem,  taking  care  to  avoid  ambiguity  or  contradiction  in  the 
assumptions. 

After  this  designation  of  the  known  and  unknown  quantities,  the 
problem  must,  with  the  aid  of  symbols  of  operation,  be  translated  into 
algebraical  language ;  that  is,  the  conditions  of  the  problem  must  be 
denoted  by  equations,  making  no  distinction  between  the  known  and 
unknown  quantities;  and  when  this  is  effected  it  will  then  appear 
whether  the  problem  is  determinate  or  indeterminate. 

Having  formed  the  equations,  the  last  process  consists  in  their  solution. 
It  will  be  found  that  some  methods  are  more  operose  and  tedious  than 
others.  The  most  direct  and  simple  methods  of  solution  are  to  be  pre- 
ferred when  such  are  possible ;  but  these  are  not  always  subject  to  any 
general  rule,  but  rather  depend  on  the  skill  which  is  acquired  by 
experienca 

In  the  solution  of  equations  involving  more  than  one  unknown 
quantity,  it  will  sometimes  be  found  that  they  are  so  involved  that  they 
cannot  easily  be  separated  by  any  of  the  ordinary  methods.  In  such 
cases  some  artifice  is  generally  possible,  by  means  of  which  the  equations 
may  become  simplified  and  their  solution  rendered  practicable.  It  is 
impossible  to  lay  down  any  rules  for  the  employment  of  artifices  in  the 
solution  of  equations.  The  manner  in  which  the  unknown  quantities 
are  involved  only  can  suggest  what  artifices  are  possible  for  rendering 
the  equations  more  easy  of  solution.  Instead  of  assuming  single  letters 
to  denote  unknown  quantities,  it  wUl  be  found  convenient  in  some  cases 
to  assume  for  them  the  sum  and  difference  of  the  two  unknown  quanti- 
ties, in  others  the  product  and  the  quotient,  iaa. 

All  homogeneous  equations  of  two  unknown  quantities  may  be 
simplified  by  assuming  for  one  of  them  some  unknown  multiple  of  the 
other,  and  making  the  substitution  in  the  two  equations.  By  this 
means  both  of  the  unknown  quantities  can  be  eliminated,  and  the 
resulting  equation  will  involve  only  the  quantity  which  denotes  the 
unknown  multiple. 

The  same  method  can  be  extended  to  equations  involving  three  or 
more  than  three  unknown  quantities. 

It  has  been  pointed  out  that  equations  proposed  for  solution  may  be 
deducible  from,  or  contradictory  to,  one  another.  In  the  former  case, 
in  the  attempted  solution,  some  quantity  may  be  found  equal  to  itself, 
and  in  the  latter  some  absurdity  will  follow,  as  a  greater  quantity  equal 
to  a  les&  And  this  dependency  or  inconsistency  of  equations  is  not 
always  obvious  until  the  identity  or  absiudity  appears  in  the  final  result 
of  the  operation. 


SIMPLE  EaUATIONS. 

Art.  1.  Simple  eqaationB,  or  equations  of  the  first  degree,  may 
inyolye  one,  two,  three,  or  more  than  three  unknown  quantities. 

If  a  simple  equation  involve  only  one  unknown  quantity,  the 
equation  admits  of  only  one  value  of  that  quantity. 

The  solution  of  all  equations  in  general  will  be  found  to  depend  on 
the  axioms  stated  on  the  eighth  page  of  Section  lY. 

In  the  application  of  the  second  and  third  axioms  in  the  solution 
of  equations,  it  will  be  seen  that  if  an  equal  quantity  be  added  to  or 
subtracted  from  each  side  of  an  equation,  the  process  is  the  same  as 
simply  transposing  or  removing  the  quantity  from  one  side  to  the 
other  side  of  the  equation  with  its  algebraical  sign  changed ;  as  the 
addition  of  +  a  to  each  side  of  the  equation  in;r— a  — 3,  is  mx-^a+a 
^i+a ;  and  is  equivalent  to  the  removal  of  —a  from  one  side  to  +a 
on  the  other,  as  mx^h+a.  And  the  subtraction  of  +a  from  each  side 
of  the  equation  mx+a^h,  is  mx+a-^h^h^a,  and  is  equivalent  to  the 
removal  of  +a  from  one  side  to  —0  on  the  other,  aamx^  3— a.  Hence 
the  second  and  third  axioms  are  united  in  the  general  rule,  that  any 
quantity  may  be  transposed  from  one  side  to  the  other  side  of  an  equa- 
tion by  changing  its  sign.  By  the  application  of  this  rule  the  terms 
involving  the  unknown  and  known  quantities  can  be  separated  and 
placed  together,  the  former  on  one  side  and  the  latter  on  the  other 
side  of  the  equation ;  and  when  the  equation  is  reduced  to  the  form 
mx^Ofhy  the  seventh  axiom  the  unknown  quantity  is  determined  to 

be«» -• 
m 

And  by  this  axiom  an  equation  may  be  simplified  if  every  term  of 
it  contain  the  same  common  fiactor  which  does  not  involve  any 
unknown  quantity. 

Also  by  the  sixth  axiom  an  equation  may  be  cleared  from 
fractions  by  multiplying  each  aide  of  the  equation  by  the  denomi- 
nators of  the  fractions,  or  by  their  least  common  multiple,  as  the 

equation  — {..a.^  becomee  hx+ax^abc  by  multiplying  each  side  by  a 
0    0 

and  h,  the  denominators  of  the  fractions. 

And  furtheri  the  signs  of  all  the  terms  of  an  equation  may  be 
changed,  as  the  process  is  equivalent  to  multiplying  the  terms  on  each 
side  by  ~1. 

It  is  also  obvious  that  if  the  same  quantity  with  the  same  sign  be 
found  on  both  sides  of  an  equation,  it  may  be  removed  from  each  side. 

If  a  teim  involving  the  unknown  quantity  in  an  equation  be 


affected  with  a  fractional  index,  by  means  of  the  eleventh  axiom  the 
fractional  index  oain  be  reduced  to  an  integral  index,  and  the  separa- 
tion of  the  known  and  unknown  quantities  become  possible,  as  if 
(mx+h)^  =  Cf  by  raising  each  side  of  the  equation  to  the  second  power, 
it  becomes  mx+h  »  0^,  and  the  known  quantity  b  can  be  separated  from 
X  the  unknown  quantity. 

2.  2b  soke  the  general  equations  aiX+b^y  =  Oi,  a^+hj^  «  e^,  invoking  two 
unknown  quantities,  or  to  find  the  values  of  x  and  y  which  satisfy  both 
equations. 

When  there  are  given  two  independent  equations  of  the  first 
degree  which  simultaneously  involve  two  unknown  quantities  x  and  y, 
it  is  obvious  that,  in  order  to  determine  the  value  of  one  of  them,  there 
must  first  be  deduced  from  the  two  given  equations  an  equation  which 
shall  contain  only  one  of  the  unknown  quantities. 

There  are  three  methods  by  which  the  values  of  x  and  y  may  be 
determined  from  these  equations,  (h^+b^^Oi,  a^+b^'^o^. 

First  method :  By  fijiding  the  value  of  one  of  the  unknown  quanti- 
ties in  terms  of  the  other  and  known  quantities,  £rom  one  equation, 
and  substituting  it  in  the  other  equation. 

Let  the  value  of  x  be  found  from  the  first  equation  OiX+bi^  »  Cp 

By  transposing  b^,  a^x^e^-^b^y^  and  a?=  ^- — ,  then  substituting 
this  value  of   x  in  the  second  equation,  a^+b^^c^  it  becomes 

-^ — *^+^jy""*i»  clearing  the  equation  from  fractions, 
a^^^ajIf^-^-Oxb^^a^e^  and  by  transposition  (^A— a|3|)y « a^^?,— a^^j, 

*^*  •*•  y  ^tEtT^  *"^*  ^^  y^XvLQ  of  a?  is  found  by  substituting  tbis 
value  of  ^  in  either  of  the  two  given  equations. 

or  «-*4»r:^. 

And  these  values  of  x  and  y,  when  substituted  in  the  given  equations, 
;8atisfy  both  equations  by  reducing  each  to  an  identity. 

ai{b^i—b,Ct)    b^jaiC^'-a^) 
Thus  ^+^iy«    aj>,^aj>,  +  aA-o^/ 


Second  method :  By  equatmg  the  yalues  of  the  same  tULimown 
quantity  from  each  equation. 

From  the  first  equation,  ^i^+^iy  =  <?i,  a?  —  ^~  ^, 

From  the  second,  a^+h,^^e^  a?«5ll-^ 
Next  equating  these  values  of  x, 

•  •    ■       -  ss  —  • 

Clearing  the  equation  from  fractions,  iVi "  ^^i^  "=*  <>i^s'~  ^^sSf> 
and  (a^^,  —  ajfi)i/ = a|(^—  Os^i  by  transposition, 

•  •  y r r> 

and  the  value  of  x  can  be  found  as  before, 

Third  method :  By  equalising  the  coefficients  of  one  of  the  un- 
known quantities  in  each  equation,  and  then  eliminating  it  by  addition 
or  subtraction  of  the  equations. 

In  the  given  equations  a^x+hiy  =  Ci,  a^+h^^e^  if  ^i,  Ot,  the  co- 
efficients of  Xf  be  prime  to  each  other,  multiply  the  first  equation  by 
Os,  and  the  second  equation  by  Aj, 

aien  aiO^+Oih^y  =  a^^,  and  ai<i2«-|-0i5^»aj^s. 

Next  add  or  subtract  these  equations  according  as  the  signs  of  the 
coefficients  of  x  are  either  one  positive  and  the  other  negative,  or  both 
positive  or  both  negative,  and  the  resulting  equation  is 

.-.  y»^»"^%   and  x^J^zb!^,  as  before. 

It  may  be  remarked  that  the  signs  of  the  terms  in  the  values  of 
X  and  y  appear  with  signs  contrary  to  the  terms  in  the  values  found 
by  the  other  methods.  This  circumstance  arises  from  subtracting  the 
second  equation  from  the  first.  If  the  first  had  been  subtracted  from 
the  second,  the  signs  would  not  have  been  changed. 

The  values  of  x  and  y  are  of  the  same  value  in  both  instances,  as  a 
fraction  remains  unchanged  in  value  when  the  signs  of  every  term  of 
the  numerator  and  denominator  are  changed. 

Also,  if  the  known  quantities  involved  in  the  equations  be  positive 
or  negative  integers  or  fractions,  the  values  of  x  and  y  in  general  will 
be  either  integers  or  fractions  positive  or  negative.* 

*  The  values  of  x  and  y  in  two  simple  equations  when  rednced  to  the  foxm 
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It  18  possible,  however,  that  the  rehitioii  of  the  oonstants  in  the 
equations  to  each  other  may  be  tueh  that  the  yaluea  of  »  and  y  may 

assume  the  forms  of  >•    ~,  or  -. 

»    0        0 

If  the  values  of  one  of  the  unknown  quantities  assume  the  form  of 

0  lift 

-,  and  that  of  the  other  -  : 
0  0 

Letthevalueofd;  assume  the  form--,  thenfroma?-  ^^  *^, 

.*.  h^i'^hiCf,  and  -^-'^ 
alsoai^sads^i,  and  -a?^*    Hence  ^b-. 

Next  let  the  value  of  y  assume  the  form  ^  then  from  y«   'f^"^    ,  i 

Oj^i^o^i  =  0,  and  tfj^ — <i|tf|  =  m, 
.-.  ^A'^Af  ft°d  -=r>  also  iii«i  =  »i+tf,tfi,  and  ?l--^^?i. 

But  from  the  former  ^'  =  -S    .*.  fla  — 4.-9  which  is  impossible, 

if  i»  have  a  definite  value,  therefore  the  given  equations  are  in- 
compatible, and  do  not  admit  of  any  definite  values  of  x  and  y. 

If,  however,  the  values  of  x  and  y  botih  assume  the  form  of 

-,  then  ai^i — a^^^Q,  aj!>^ — ^^i""0,  and  5|tf|— JjC,  =  0, 

.    fli      ^      tfi     Ci     *!     ^i     If  tfi^^  xt^n  «i     ^1     <q^^ 

•  •— aB-£~»  —  =  -f    T=*— I   "—■*»>  men  —  _.  ^  s  —  « fif 
<*j     ^1     ^'i     *s     ^1     ^1         <>i  <h     ^t     <^i 

and  Oi » fiif|,  (|  a  n^i,  <^  » fu'i, 

which  shews  that  the  co-efficients  of  one  equation  are  respectively 

equimultiples  of  the  corresponding  coefficients  of  the  other.     Hence  it 

follows  that  one  of  the  equations  may  be  deduced  from  the  other,  and 

the  two  equations  do  not  express  two  independent  conditions.* 

a^x+h^y^c^^  a^x-\rh^y=e^^  can  be  found  by  sabstitating  the  particolar  for  the 
general  yalnea  of  the  constants  in  the  valaes  of  x  and  y,  as,  for  example. 
To  find  the  values  of  x  and  y  in  the  equations  5a;  +  8y  «  81,  2a;  -  8y  *  0. 

Generally  «-*i^i:i^*Ji,  y-^lflZfb^ 
Uerea^aS,  i,«8,  e^-iSl;  ^,=2,  6,*-3,  c,-0. 

-15-18     -81 
0-62        -  62      .  « 
^     -15-16-81 
. *.  8  and  2  are  the  values  of  x  and  y  in  the  equations  5a;+ 8y mSI,  2as-  Sy »0. 
*  The  subject  of  indeterminate  equations  arises  from  the  fact  of  some  problems 
involring  more  unknown  quantities  than  independent  conditions  to  determine  them. 


And  in  this  case  there  is  only  om  independent  equation  involving 
two  unknown  quantities.  Hence  the  equation  is  indeterminate,  and 
.  admits  of  an  indefinite  number  of  solutions,  as  it  is  evident  that  for 
every  value  of  i;  in  the  equation  there  will  always  be  some  corre- 
sponding value  of  y. 

If  there  be  three  equations  involving  two  unknown  quantities, 
and  if  one  of  the  equations  can  be  deduced  from  either  of  the  other 
two,  then  these  three  equations  become  only  two  independent  equa- 
tions involving  two  unknown  quantities. 

If  one  of  the  equations  be  deducible  from  either  or  both  of  the 
other  two,  the  three  equations  can  be  reduced  to  one  equation  having 
two  unknown  quantities,  and  is  therefore  indeterminate. 

If,  however,  all  the  three  equations  are  independent  of  each  other, 
ihey  may  express  conditions  incompatible  with  each  other,  or  be  contra- 
dictory. But  if  the  equations  be  taken  two  and  two  at  a  time,  the 
three  sets  may  admit  each  of  different  solutions  with  definite  values  of 
the  unknown  quantities. 

8.  To  iolve  the  general  eqmtwne  involving  three  vnknoum  quantities, 

tfi«+>iy+«i«-^i  (1),  ^VP+^iy+^V^  (2),  a^+h^+e^^dg  (3);  or 
to  find  the  values  ofx,y,%  which  will  eatiefy  the  equations. 

Here  any  one  of  the  three  unknown  quantities  can  be  eliminated 
between  any  two  of  the  three  equations. 

First,  eliminate  x  between  the  first  and  second  equations. 
Multiply  (1)  by  a^,  then  a^a^+a^iy+a^^^ct^ip 
Multiply  (2)  by  a,,  a^a^+c^h^+aiC^ = aA, 

•••  («i*i— tfi^a)y+(<Vi— ai^)«  =  Mi— «i<^  hy  subtraction, 
OT pg+qz^r,  putting |9,  q,  r  for  the  coefficients. 
Next,  eliminate  x  between  the  first  and  third  equations. 
Multiply  (1)  by  a,,  then  Uia^+aJb^y-^-a^iZ^tt^i, 

The  particular  problems  of  Diophantns  are  characteriaed  by  their  simplicity  and 
neatness  of  solation,  and  the  peculiar  skill  of  the  artifices  he  employs,  and  they 
afford  considerable  scope  for  exercising  the  iDgenuity  and  sharpening  the  inyention 
of  the  student. 

Bachet  and  Fermat,  in  the  seventeenth  century,  made  some  additions  to  the 
knowledge  of  this  subject  as  left  by  Diophantus.  Bachet  was  the  first  who  gave  a  ^ 
complete  method  of  solving  all  indeterminate  problems  of  the  first  degree.  Femiat 
devised  some  methods  for  the  solution  of  indeterminate  problems  above  the  first 
degree.  Diophantus  solved  a  problem  which  is  equivalent  to  that  of  finding  x  so 
that  x*±l  shall  be  a  square  number.  Fermat  extended  it  to  that  of  finding  x 
so  that  ax*  ±  b  shall  be  a  square  number,  a  and  b  being  some  constant  numbers. 

In  the  second  part  of  the  third  English  edition  of  Euler's  Algebra,  the  student 
will  find  the  subject  of  indeterminate  problems  very  amply  treated,  containing  some 
generalisations  of  the  Diophantine  problems  involving  higher  powers  than  the  first 
of  the  unknown  quantities. 

In  the  additions  of  M.  de  la  Orange  at  the  end  of  the  volume  will  be  found  the 
method  of  applying  oontinudd  fractions  to  the  solution  of  indeterminate  problems. 
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Multiply  (3)  by  «,,  0i«^ +0i^^  +«i«^  =  ^<^$ 

•*•  (tf»fti— <»iMy+(<Mi— <»iO^=^<^— »A  by  Bubtpaction, 
or  p'y+q'z=f^f  putting  j/,  j^,  r',  for  the  coefficients. 
Thirdly,  eliminate  x  between  the  second  and  third  equations. 
Multiply  (2)  by  a^  then  a^i^+a^h^+a^e^  =  a^ 
Multiply  (3)  by  a^  then  a^it^+ajf^+a^efi  =  a^ 

.-.  (a,5,-as6,)y+(a|<s,— a|Ci)»=a^— aA>  by  subtraction, 
OTp*'y+^'%^f*'y  putting /^^  ^'^  r"  for  the  coefficients. 
Hence  by  the  elimination  of  x  are  obtained  the  three  equations, 

each  involving  two  of  the  unknown  quantities.  But  since  the  given 
equations  are  determinate,  the  values  of  y  and  s  in  these  equations 
have  the  same  values,  and  any  one  of  the  equations  may  be  derived 
from  the  other  two.  Hence,  there  are  only  two  independent  equations 
ii-om  which  the  values  of  y  and  %  can  be  determined. 
If  the  two  equations  jiy+ ^  =  r,  j^Y +^s = f^  be  taken, 

thens^^T^^  and  y^iTll^, 

and  by  substituting  these  values  of  y  and  %  in  any  one  (the  first  of 
the  given  equations),  the  value  of  x  will  also  be  determined, 

^  _  (^ifg— Vi)(g^i  -  g|<^)— ( V>  -  h/fi){€^i—eA) 

This  method  may  be  extended  for  the  solution  of  four  independent 
equations  involving  four  unknown  quantities.  And  generally,  in  a 
similar  way,  whatever  may  be  the  number  of  unknown  quantities, 
their  values  can  always  be  found,  provided  there  be  given  as  many 
independent  equations  as  there  are  unknown  quantities  involved  in 
them. 

The  values  of  x,y,  s  in  any  set  of  three  equations  of  the  first 
degree  can  be  determined  by  substituting  the  values  of  the  coefficients 
in  the  given  equations  corresponding  to  those  in  the  general  equation. 

If  each  of  the  values  of  x,  y,  z  in  the  solution  of  three  equations, 

0 
assumes  the  form  of  --,  then,  as  in  Art.  2,  it  may  be  shewn 
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i 

Hj       Om       P$       dm 

that-  »^a---aj  am,8uppo8e:  thenas^fMii,  i,>-ffiSj^(^»m^i(^iBmJj, 

^^         V*         Cm         Cm 

*^^  fl.~&.'"c^~dL^^'  suppose:  thea Oj ^ nai,  5,afi^,j,  ^^^vu^i^^'^^sy 

therefore  the  coefficients  of  the  second  equition  are  respeotiyely  equi- 
multiples of  those  of  the  first,  and  those  of  th^  third:  equimultiples  of 
those  of  the  second.  Hence  it  fcdlows  thjit  the  .second  and  third  equa- 
tions are  derivable  from  the  first,  axid  there  is  only  one  independent 
equation  inyolTing  three  unknown  quantities.  The  values  of  x,  y,  z 
ace  therefore  indeterminate. 

This  conclusion  is  deduced  on  the  supposition  that  all  the  co- 
efficients involved  are  positive  or  negative  numbers.  11  any  of  them 
be  zero,  it  is  possible  that  although  the  general  forms  of  the  values  of 

the  unknown  quantities  may  assume  the  form  g,  the  real  values  of  the 

unknown  quantities  may  not  be  indeterminate. 

If  any  of  the  values  of  the  imknown  quantities  assume  the  form  of 

r-,  this  will  indicate  that  the  equations  are  inconsistent  with  one 

another. 

If  one  of  three  equations  involving  three  unknown  quantities  be 
derivable  from  one  or  both  of  the  remaining  two ;  then  there  are  only 
two  independent  equations  involving  three  unknown  quantities ;  and 
ihe  values  of  x,  y,  z  are  indeterminate. 

4.  To  soke  the  equatioM 

aiX+hjp+OiZ^di,  a^+h^+c^'^df,  a^-^-h^+e^^d^ 
hy  ih$  method  of  tmkUrminaU  muU^liers. 

Multiply  the  second  and  third  equations  hyp,  q  respectively. 

Then  the  three  equations  are 

and  their  sum  is 

(«i  +P^+q(h)^+(h+I^i+9!h)lfM^t+P^t+9[^>  =  di+pdt+qd^. 
Suppose  the  multipliers/^,  q^  such  that  they  render  the  coefficients 
of  y  and  z  equal  to  zero,  then  h+phf+qb^^O^  Oi+pe^+qe^^^O. 

and  {ih+pa^+qaijx^^di+pdji+qdg , 
^di+pdr±qd^ 

and  whenthe  values,  of  ji  and  q  are  substituted,  the  value  of  di;  is  deter- 
mined. 

By  a  similar  process  the  value  of  y  is  determined,  by  making  the 
coefficients  of  x  and  z  equal  to  zero ;  and  z  is  also  determined  by  making 

the  coefficients  of  x  and  y  equal  to  zero.* 

-i  ■   -     —      -  '  ' 

•  Example.  a;+2y+2— 12,  2»— 6y+82—2,  6aj+4y-2a-7. 

Multiply  the  second  equation  by  p,  the  third  by  q,  and  add  the  three  equationa^ 
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5.  To  9olve  ih$  indeterminate  9faatwn»  ax+hy^e,  and  ax^ly^c: 
limiting  the  solution  to  positive  integers. 

Since  the  solution  is  to  be  restricted  to  positive  integral  values  of 
X  and  ff,  the  most  simple  mode  of  solution  is  to  determine  the  yalues 
of  X  and  g  in  terms  of  a  third  unknown  quantity,  and  then  to  ascertain 
within  what  limits  the  third  tmknown  quantity  must  be  assmned  in 
order  to  determine  the  integral  values  oix  and  y. 

As  X  and  y  are  to  be  both  positive  integers,  all  expressions  in- 
volving X  and  y  must  be  integral,  as  also  the  sum,  difference,  and 
product  of  two  such  expressions. 

Let  the  equation  ax+hg  =  «  be  taken. 

Here  x  «  fUJf,  which  is  required  to  bo  an  integer. 

Let  fUJ^  be  reduced,  so  that  the  coefficient  of  y  may  be  unity. 
a 

Let  tHJf  ^  0}— .nj/  +  ^'^^^^  which  is  also  an  integer. 


a 

.*.  !!Lll!!Jf  must  be  an  integer,  in  which  n'  must  be  made  greater 
a 

or  less  by  unity  than  a,  if  it  be  not  so. 

Abo  ?y  is  an  integer,  ..^ +  (^->'Oy,y±!!L;  an  integer. 
a  a  a 

a  V'k-nC 

Suppose  — —  ^p^  some  imknown  integer. 

Then  y^ap^m%  and  x»n^hp,  suppose,  by  substituting  the  valu» 
of  y  in  the  given  equation,  ax+hff  =  e. 

From  x^n—hp,  in  order  that  x  may  be  a  positive  integer,  p  must 

not  he  greater  than  -. 

0 

Prom  y  =  ap^m^,  in  order  that  y  may  be  a  positive  integer,  p  must 

AM. 

not  he  less  than  — 

a 

Hence  the  number  of  solutions  in  positive  integers  can  be  known. 

By  proceeding  in  the  same  manner  to  solve  ax^hy » o^  it  will  bd 

found  that  the  values  of  x  and  y  will  assume  the  forms  of 


.'.(l+2p+5g)a;+(2-6p+i^)y+(l+8p-2g')«-12  +  2p+7^ 
E^Qite  to  zero  the  coefficients  of  y  and  2»  in  order  to  find  the  valnes  otp  and  j. 

2— <^+l^-0,  l  +  8jp— 2gr-i0.    Herei)«-4,  andg»-li«-5|. 

•   xm}l±l?±ll    12-8 -88i       8-77       -69_     . 
"     "l+S!p+6^"l-8-27i" -14-66" -69 


By  a  aimilar  process  may  be  found  y*8,  and  s*5. 
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From  x  =  ap±mj  in  order  that  x  may  be  podtive,  p  must  not  be 

less  than  =^. 
a 

From  y  =  ip±:n,  in  order  that  y  may  be  positive^  p  must  not  he  less 
than  zr. ;  and  the  greater  of  these  two  yalues  of  p  will  give  the  least 

0 

positive  and  integral  values  of  x  and  y,  and  the  number  of  solutions 
in  positive  integers  is  unlimited.* 

6.  To  soke  the  general  independent  equation  ax+hy+ez  =  d,  limiting  the 
solution  to  positive  and  integral  values  of  x,  y^  s. 

By  transposing  one  of  the  terms,  as  e%^  the  equation  becomes 
4ix -k-hy  ^ d—cz.    Nowo?  and  y  cannot  be  less  than  unity,  andc£— rs 

must  be  a  positive  integer  \  it  follows  that  %  must  be  less  than  - .     Let 

c 

*  Find  all  the  podtiTe  integral  values  of  x  and  y  in  the  eqnations  2a;+8y*35, 
Aiid2x-32/>-35. 

First,  here2aj-86-3y,  .•.  aj-?£z^-l7-y-?^=anint^r, 

.  *.  !!!Z1.  «an  integer  — |?,  suppose ;  then  y  *  2^ + 1, 

and  ^,85-8y    35-6;>-.8,^g,3 
2  2^ 

In  order  that  %  may  be  a  positive  integer,  from  d?=  16  -  8p,  it  is  obvious  that  p 
must  not  be  greaier  than  5. 

And  in  order  that  y  may  be  a  positive  integer,  from  y"-2p+l,  p  must  not  be 
Use  (hand. 

Hence  p  may  be  0,  1,  2,  3,  4,  5  ;  and  the  equation  admits  of  the  following  six 
different  solutions  in  positive  integers. 

Wheni?-  0,        1,        2,        3,        4,        5. 

« -16-31? =16,       13,      10,        7,        4,         1. 
y«2|?+l-     1,        3,        5,        7,        9,       1.1. 

Next,  2aj-3y=  35,  and  x-?5±ly-17+y+?^-an  integer ; 

m 

, '.  I^Zi  ^.  an  integer  —i^jsuppose ;  then  y^ip-l, 

and  a:-?i±iy  .?l±«^r?.3i,  +  16. 
2  2  ^ 

In  order  that  x  may  be  a  positive  integer,  from  x»8p+l6,  p  must  not  be  less 
than  -5. 

In  order  that  y  may  be  a  positive  integer,  from  y^2p-l,  p  must  not  bo  less 
than  +1, 

And  that  both  x  and  y  may  be  positive  integers,  it  is  obvious  that  p  must  not 
be  less  than  +1,  and  may  be  any  number  whatever.  Hence  the  ei^u'ition 
2a;-3y35  admits  of  an  unlimited  number  of  solutions  in  positive  integer,  the 
least  of  which  is  obtained  when  i?—  +1,  then  sb— 19,  and  y— 1,  and  the  series  of 
flolutions  may  be  exhibited  to  any  extent. 

Whenp-  1,        2,        8,        4,        6,        6,        7,        8,       9,      10,  &c. 

««8p+16-19,      22,      25,      28,      31,      84,      87,      40,      48,      46,  kc. 
ya2p-l=>     1,        8,        5,        7,        9,       11,      13,      15,     17,      19,  &c. 
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a-^a-d^j  then  «^+iy  =  if,  an  equation,  the  aolntion  of  which  has 
been  determined  in  Art.  2. 

But  as  d  may  admit  of  more  values  than  one,  there  may  be 
several  equations  involving  x  and  y,  oorresponding  to  the  number  of 
values  of  d.  And  for  every  value  of  s  there  will  be  oorresponding 
values  of  x  and  y. 

The  given  equation  may  be  of  the  three  following  forms : — 
^ix-\'hy-\'e%  =  df  ax+hjf — e^^d^  ax — hy—c^  —  d^ 
or  (M?+5y=<£ — eZf  ax-ez^d-^hy^  ax — ^  =  i^+a* 

In  equations  of  the  first  form,  the  number  of  solutions  in  positive 
integers  is  limited. 

In  equations  of  the  second  and  third  form,  the  number  of  solutions 
in  positive  integers  is  unlimited.* 

7.  To  solve  ihe  general  independent  equations 

a,x+i,y+<?i«  =  rf„  €t^+h^+e^=:df, 
invoking  three  unknown  fuaniiHes,  Kmiiing  the  eohUion  to  positive  integers^ 
First  eliminate  %  between   the  two  given  equations,   and   the 

result  is  (tfi«f— ai<?i)«+(*i<^- V,)y  =  «A— <a<^> 

an  equation  of  the  form  ax^ty  =  e^  according  as  ^i^^— ^i  is  positive  or 

negative. 

The  equations  ax-^-hy^c  and  <ur— ^y  =  ^  have  been  considered  in 
Art.  2,  and  when  the  values  of  x  and  y  have  been  found,  the  oorre* 
sponding  values  of  s  may  be  determined  by  the  substitution  of  the 
values  of  x  and  y  in  either  of  the  given  equations. 

If  the  elimination  of  z  from  the  two  given  equations  give  an 
equation  of  the  form  Ar+iy  =  0,  the  number  of  solutions  in  positive 
integers  is  limited ;  but  if  it  gives  an  equation  of  the  form  ax^hy  =  e^ 
the  number  of  solutions  in  positive  integers  is  unlimited. 

*  Ex.  Solve  the  equation  &b  +  6y + 20z  » 187  in  positive  integers. 

Here  5a;+6y»187-20x. 
But  X  and  y  cannot  be  each  less  than  nnitj,  and  z  mnst  not  be  greater  tiian  9. 
Hence  z  may  be  1,  2,  8,  4,  5,  6,  7,  8,  and  these  8  valnes  of  y  will  give  8  different 
equations  for  determining  the  vslnes  of  x  and  y  corresponding  to  the  8  values  of  s. 

When  these  8  values  of  s  are  successively  substituted  in  the  given  equation,  th» 
values  of  x  and  y  determined  in  each  case,  will  be  those  which  correspond  to  the 
several  values  of  z. 

In  the  first  case,  when  2=1,  5a;+^«=167»  and  this  equation  being  solved^ 
a;=81  ^6/>,  from  which  it  appean  that  p  must  not  be  greater  than  5. 

And  y^Sp+%  from  which  it  also  appears  that|>  must  not  be  less  than  0. 
Hence  this  equation  &b+ 8^=167  admits  of  six  solutions^  when  s— 1. 
I»=  0,        1,        2,        8,        4,        5. 

2«81-6p-81,      26,      19,      18,        7,        1. 
y-6p  +  2-    2,        7,      12,      17,      22,      27. 

«-  1»        1.        1,        1,        1,        1, 

The  rest  of  the  solutions  can  be  found  in  the  same  manner,  when  s  is  2»  8,  4,  5^ 
6,  7,  or  8,  respectively. 


EXEHOISES. 
Equatioits  of  the  FntST  Degbib. 

I. 

Express  generally  in  words  at  length,  and  solve  each  of  the  f  olloir- 
ing  equations: — 

1.  x=li—ex  7.  5a?— 9«-7a?+15. 

2.  2x+x-46+2x.  8.  a:+7  =  3a?— 9. 

3.  2x+ll  =  7a?— 14.  9.  ar— 7  =  4-5a?. 

4.  8x+14  =  9ar+22.  10.  2ar— 3a?— 2  =  0. 

5.  8a:— 5-13— 7ar.  11.  5a:— 7— 2a?=  10a:+8 -2ir. 

6.  3a;-7  =  5a;+17.  12.  a:— 10+8  =  70— a?. 

n. 

Solve  the  following  equations  :— 

1.  3-75a:+-5  =  2-25+8. 

2.  •5a?-2  =  -25a?+-2a?— 1. 
8.  •5a?+-6a:— •8  =  -75a:+-25. 

4.  •15af+l-575--875a?=0625. 

5.  •15a?+l-2— •875a?+-375  =  -0625«. 

6.  l-2a:— i(-18a:— •05)  =  -4a?+8-9. 

7.  •84a?- 7-6— 2-2ar- 10  =  0. 

in. 

Solve  the  following  equations,  and  verify  the  oorrectness  of  th» 
results  in  each  case : — 

1.  (ar— 3)— 3(a?— 5)+5(a;— 7)  =  0. 

2.  2(a:-l)+3(a?— 2)+4(a;— 3)  =  0. 

3.  (a?+4)(a?+2)+(ar+8)(a?— 3)  =  2(a:+3)(a?+2). 

4.  (a?— 3)-  (3— a?)(a:+ 1)  =  (a?— 3)(l+a?)+(3— a?). 

5.  (4a?+2)a;+(4aj+l)a:  =  (2a:+l)(4a?— 2). 

6.  (a:— 5)(a:— 3)  -  (a;— 5)— (a?+7)(a:— 2)  =  0. 

7.  24a?— 12(48 -ar)  =  504. 

8.  (ar— 4)+3(a?— l)(a?— 2)  =  3(a;«— 2a?— 4). 

9.  (a?— l)(a:— 2)  =  «». 

10.  (a?-9Xa?— 7)(a?— 1)  =  (a?-2)(a?-4)(ar-ll). 

11.  (a?-3)(a?-4)  =  a:»-.5a:-8. 

12.  (a?+lX«+2)(a?+3)  =  (a?-l)(a?-2)(a?-3)+3(4a?-l)(a?+l). 

IV. 


1.   ^+f  =  30.         2.  f+3  =  ^-l.        3.  J-?  =  ?-|. 
7^3  5^        3  2    a?    a?    2 


Z7 
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2^3     4  2    ^    3    ^    4 

„    x-l     2«-l.ar-l     ,  -    2*-3  ,  3«— 4  .  4«-6     , 

6.   _+_^+_^=l.        7.  -^+_^+ -^  =  1. 

x^2z^Sx     3  4^15^  6 

10    *+^4-f±?_£^3^rf+l.       „^-2     7:g-12^-ll_^ 
^"•~2"^3~46^  2  3  5 

12     3^i_?f:i?-il.         13.  3:r-f--J_4-!?+Ll_J-- 
5  9         15  4  8  12 

,.     2x+5,2x-5     3a;+l,3«-l      ,,    3«-20    4a--27,,  _143 
,„    7«+3    3«+l     9j;-13    249-9x         ,_    <jj.  3-«  ^_ 

16. -g r"=~i rr-     "•  ^+-r-=3(3::^)- 

as.   !(7a:-9)+?(9«-7)=l.        19.  f+l+«(«-2)  =  (aj-l)'. 

V. 

a:— 2     2  3^—2^1  J  62__5^+3  ) 
•   T""3 — 4~      21  15         2      /• 
«     7j?+23     5a;-2(a:-l)     3^-7(8j?+4)g^ 
'^^    "TT"""  7  2 

,     3x— 1     13— a;     72     11  (a:— 3) 

-\{'-lH{k}'w 

7x+8     9«— 12_9«+1_29— 8*. 
®-        8~~"T6  IT         20     • 

•■F-i^-j{-l(H}-¥- 

11         37        Ml       2( 

71. 
i     a^-l_ij.l       9    2x-l_14£— 21       3     42x  _    85g 
^-   x'+T"       «■  2i=2 '■  14«-26*        *  3*-2     12«-8" 
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«     ^—2     a;-3     a?~5     3?->  6        ^    Qx+lS      3£+5      2^: 
a:— 3     a:— 4  "or— 6     a?-7'         '       15      ""5^25"  5* 
Q     2x,    3a:+50       12j:-70        ^     ar+l      x-l        a 


15  30  190      '        ■  a^-l     ar+l     ar+i' 

10.  1^2^.::^ « 10^=0.     iL  ^(^+?) -1(2^-^).  10. 

16  2(2^-l)-3(3a:-2) 

12     ^^^+^J^+8^+l  _  2a^+2a?+l 
2x»+2x+3       "■       «+l       * 

13.  £±1^=9- !?+l!.   14.  -L..ia- J-. 

5j?  — 7  x+l  X — 1     X     X    x+2 

j^     a:^+23r+2     a:'+4ar+6     g*+6;r+12     ^+8^+20 

x+l      "      x+2      "       x+3  x+4L~ 

,«     14— 12a?     4ar+2     10-9a:     7ar— 5 
16.    4. -1. . 

Sx+l  ^2a;+7"  x+l  ^  x+2 


vn. 

1.  fljp+i  =  c— X.      2.  ax—bx  =  a+bx^h.       3.  ax—hx^^cx-^d. 

4.  (x— a)  =  (5— a)ar.       5.  {a+h){a—x)  =  a{b—x). 

6.  a(3«— fla?)  =  fl*»-6(a»— i«).       7.  (<M;+<?)(ia:+<?)  =  (|?— flrar)(y— J^), 

8.  («+a?)(i+a?)  =  ((?+ar)(rf+«). 

9.  (ar— fl)(«-5)--(a?+«X^+5)+a^  =  a. 

10.   ?+f  =  1.       11.  ?+^  =  l.       12.  ^-l  =  a«-5«. 
ah  XX  hx     ax 

^n     bx    d    a    ex         tA^       b            . ^    ac     he        .t 
io.   — — —  =  - — 5-.        14.  -  ;= .         10. —a-jrO. 

a      c    h     d  X    c — X  hx    ax 

a^^hx    h^^ax     ,        «••    a+hx     c-^dx       -«.     1       1       1      « 

16.  z-J^— i_rz=.i.     17.  -2Zr  =  iZl!!r.     is.  -i-+-i-+^  =  o. 

ad  h  d  ax    ab     hx 

19.   £f±*_*£±f?=«  20.  f±.*+3c  =  ^*+». 

e  c        h  h  a 


vin. 


x+h^  \+h'        '  x—c-^d"  c+d' 

3.    (^+a)(^+^)  ^  {x+c){x+d)       ^    _ax^ 

x+a+h  x+c+d    '        *  a—h    h—e     a—c 

r     b       e  A         1       _L       1  1 

5.      ^ .  6.     —z pr  + 


hx 


x^a — x*       '  a(x — h)     h{x^c)     a{x—c)' 

7.     _1...  =1+1+1.      8.  ^J7f+?^-?=f=10«+lU. 
x+a+h     e^a     h  3^5  2 

^     ax+b     hx+c,cx+a_Q       -^    ax-^b.bx — <?,  rjr — ^ —  \ 
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il.    -^ _-| U.         LZ.   -— = V . 

X — a      x—b      x^e  a+b  a—b 

,rt     x—a  _  x^b         x^e  ..    mx—{a-^h)  ^mx—^a-^rc) 

¥^^~ c^a^-by^S^a^'  '    nx-'lc+d)' nx-ib+if^' 

--     x+a    x-^mb     tnx+a    x+b 

10.    -.1. -^  ■  — • 

m     *      n  n  m 

Ifi    _^J-     ^  a^+b*+e'+d' 

^'''   a'+c^'^b^+tP" {ab''Cdy+{ad+hcy' 
17     g(g— <^  .d{a—b)  __  bje-'d)     c{a—b) 
x+a         x+d         x+b         x+c 
18.   {a+xy+{b+xy+{e+xy=S{a+x)(b+x)(c+x). 

19.  Ix+sys{x+2y+s{x+iy-x'=x+i5. 

'   a  +b  +c  +x    d'  '      x+a+b  x+c+d 


1.  a^+2  =  {x+iey,        2.  (5a?)»+2  =  (5a?+10)*. 

3.  (ar+7)»+(9a?+7)*  =  (32:p)».      4.  {(a?-fl)>+2aJ+ini„a?-a+J. 

5.  {(^-l)(:r-2)}»+{(^-3)(4?-.4)P  =  2». 

6.  {a^+xi^+a^yy  =  a+x.       7.  -|£^+|  =  {i. 

X. 

1.  Find  the  two  numbers  whose  sum  shall  be  100,  and  whose 
difference  shall  be  10. 

2.  What  number  is  that  whose  third  part  exceeds  the  seventh 
part  by  20  ? 

3.  What  value  of  x  will  make  the  difference  between  (2ar+4)(3a?+ 6) 
and  (3a?— 2)(2a;— 8)  equal  to  96  ? 

4.  What  number  is  that  to  which,  if  8  be  added,  one  fourth  of  the 
sum  is  equal  to  29  ? 

5.  The  difference  between  a  certain  number  and  its  defect  from 
17,  is  equal  to  3  times  its  defect  from  21 ;  find  the  number. 

6.  Divide  240  into  two  parts,  such  that  one-fourth  of  one  of  them 
added  to  one-tenth  of  the  other  shall  be  equal  to  36. 

7.  Divide  the  number  144  into  three  such  parts,  that  one  half  of 
the  first,  one-third  of  the  second,  and  one-fourth  of  the  third,  shall  be 
equal  to  one  another. 

8.  Find  a  number  which,  when  trebled  and  diminished  by  3, 
exceeds  the  sum  of  its  fifth  and  seventh  parts  by  90. 

9.  Find  a  number  such  that  if  |  of  it  be  subtracted  from  20,  and 
^x  of  the  remainder  from  ^  of  the  original  nimiber,  12  times  the  second 
remainder  shall  be  half  of  the  original  number. 
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10.  What  fraction  is  that  from  which  if  |^  be  subtracted,  the  result 
is  the  same  as  if  it  had  been  multiplied  by  i^^  ? 

11.  Find  a  number,  the  sum  of  whose  fifth  and  sixth  parts  exceeds 
the  difference  between  its  fourth  and  seventh  parts  by  109. 

12.  What  number  is  that,  to  the  half  of  whose  excess  above  3  if  a 
third  of  the  excess  of  90  above  the  required  number  be  added,  the 
sum  is  30  ? 

13.  Divide  the  number  a  into  three  parts,  which  shall  be  re- 
spectively equimultiples  of  the  numbers  m,  n,  p. 

14.  There  is  a  number  consisting  of  six  digits;  the  digit  on  the 
left-hand  side  is  1 ;  if  this  digit  be  removed  and  placed  on  the  right- 
hand  side,  the  new  number  is  three  times  the  original  number. 

15.  Divide  a  number  a  into  three  parts  so  that  the  second  may  be 
m  times  the  first  and  the  third  n  times  the  second. 

16.  What  number  divided  by  7,  8,  9  respectively  leaves  the  re- 
mainders 1,  2,  3,  so  that  the  sum  of  the  three  quotients  shall  bo  equal 
to  570? 

XI. 

1.  If  ui  be  a  years  old,  and  JB,  h  years  at  any  given  epoch;  when 
will  A  hen  times  as  old  as  ^  ? 

2.  ^  is  40  years  older  than  By  and  in  four  years  A  will  be  three 
times  the  age  of  £ ;  what  are  their  respective  ages  ? 

3.  Thirty  years  ago  a  man  was  three  times  as  old  as  his  son,  whose 
present  age  is  45  ;  how  old  is  his  father  ? 

4.  Two  years  ago,  ^I's  age  was  three  times  ^'s  age ;  eighteen  years 
hence,  A^b  age  will  be  twice  ^'s ;  find  their  present  ages. 

5.  In  the  year  1830  A's  age  was  50  and  JB^a  35  ;  give  the  date  at 
which  A  is  twice  as  old  as  B. 

6.  A  and  B  shoot  by  turns  at  a  target.  A  puts  7  bullets  out  of  12 
into  the  bull's-eye,  and  ^  puts  in  9  out  of  12;  between  them  they 
put  in  32  bullets ;  how  many  shots  did  each  fire  ? 

xn. 

1.  A  sets  out  from  Cambridge  to  London  (51^  miles)  at  the  rate  of 
8  miles  an  hour,  and  B  sets  out  at  the  same  time  from  London  to 
Cambridge  at  the  rate  of  9  miles  an  hour ;  at  what  distance  from  each 
place  will  they  meet  ? 

2.  The  two  sides  of  a  street  are  of  equal  length,  but  one  side 
contains  20  and  the  other  25  houses,  the  width  of  the  front  of  any 
liouse  on  one  side  being  5  feet  greater  than  that  of  any  house  on  the 
other ;  find  the  length  of  the  street. 

3.  A  starts  from  a  place  C  and  travels  to  another  I)  at  the  rate  of 
-six  miles  an  hour ;  two  hours  afterwards  B  starts  also,  and  going  ten 
miles  an  hour  reaches  D  four  hours  before  A ;  find  the  distance  be- 
tween C  and  B, 
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4.  Of  a  certain  dynasty,  one-third  of  the  kings  are  of  the  same 
name,  one-fourth  of  another,  one-eighth  of  a  third,  and  one-twelfth 
of  a  fourth,  and  there  are  five  besides ;  how  many  are  there  of  each 
name? 

5.  A  farmer  buys  a  sheep  for  p  pounds,  and  sells  h  of  them  at  a 
gain  of  m  per  cent. ;  at  what  rate  ought  he  to  sell  the  remainder  so 
as  to  gain  2m  per  cent,  on  the  whole  ? 

If  in  the  result,  —3  be  substituted  for  +h,  state  the  question  to* 
which  the  result  so  modified  will  be  the  solution. 

6.  At  a  certain  election,  1,255  persons  recorded  their  votes  for  the 
two  candidates,  and  the  successful  candidate  was  elected  by  a  majority 
of  125  votes ;  how  many  persons  voted  for  each  candidate  ? 

7.  If  a  garrison  of  1,000  men  having  provisions  for  30  days  be  re- 
inforced after  10  days,  and  then  the  provisions  were  exhausted  in  5> 
days ;  find  the  number  of  men  in  the  reinforcement. 

xm. 

1.  A  and  B  have  the  same  incomes.  Given  that  the  sum  of  money 
originally  invested  between  them  both  is  £49,000,  of  which  A  in- 
vested his  share  in  the.  3^  per  cents,  at  84,  and  £  in  the  4  per  cents, 
at  par ;  find  the  sums  each  invested,  and  their  common  income. 

2.  An  income  is  derived  from  the  proceeds  of  £4,550  at  a  certain 
rate  per  cent.,  and  of  £5,420  at  one  per  cent,  more  than  the  former, 
and  the  whole  annual  income  is  £453 ;  determine  the  rates. 

3.  If  £1,000  be  invested,  partly  in  3  per  cent,  stock  at  79|,. 
and  partly  in  5  per  cent,  at  106| ;  how  much  must  be  invested  in  each^ 
kind  of  stock  that  the  whole  income  derived  may  be  £40  ? 

4.  On  a  certain  day  the  3  per  cent,  consols  were  ten  per  cent,  higher 
than  on  a  certain  other  day,  and  a  person  investing  in  them  on  the* 
latter  day  received  6s.  8d.  per  cent,  more  annual  interest  than  a  person 
investing  in  them  on  the  former  day.  What  was  the  price  of  consols 
on  each  day  ? 

5.  The  incomes  of  A  and  B  are  in  the  ratio  of  3  to  2,  and  their 
expenditures  are  in  the  ratio  of  5  to  3,  and  each  saves  £1,000  a  year ; 
find  their  incomes. 

6.  Divide  p  pounds  among  A,  By  (7,  so  that  A  may  have  a  pounds 
more,  and  B^  h  pounds  less  than  C. 

7.  In  a  piece  of  mechanism  there  are  two  wheels,  one  of  which  has 
15  and  the  other  36  teeth  which  work  into  each  other;  find  what 
number  of  revolutions  each  wheel  must  make  before  the  same  teeth 
come  in  contact. 

8.  A  purse  contains  a  certain  number  of  sovereigns,  three  times  as 
many  shillings,  and  five  times  as  many  pence,  and  the  whole  sum  is 
£280 ;  find  how  many  sovereigns,  shillings,  and  pence  it  contains. 

9.  How  many  sovereigns  and  half-crowns  are  equal  to  £10,  so 
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that  the  number  of  half-crowns  may  be  equal  to  twice  the  number  of 
sovereigns  ? 

10.  An  article  is  bought  and  then  sold  so  as  to  gain  5  per  cent.  If  it 
had  been  bought  at  5  per  cent,  less  and  sold  for  one  shilling  less,  10 
per  cent,  would  have  been  gained ;  find  the  cost  price. 

11.  If  from  a  sum  of  money  there  be  taken  £50  more  than  the 
halfy  then  from  the  remainder  £30  more  than  the  fifth,  next  from  tho 
second  remainder  £20  more  than  the  fourth  part,  and  at  last  only  £10 
remains;  what  was  the  original  sum? 

12.  A  person  after  paying  the  poor  rate  and  the  income  tax  of  seveik 
pence  in  the  pound,  had  £486  remaining ;  the  poor  rate  amounted  to 
£22  10s.  more  than  the  income  tax ;  find  his  original  income,  and  th^ 
number  of  pence  per  pound  in  the  poor  rate. 

XIV. 

1 .  If  one  agent  can  produce  an  effect  e]  in  time  ti,  and  another  agent 
the  effect  e^  in  time  t^,  in  what  time  can  both  together  produce  the 
effect  ds  ? 

2.  If  0  men  or  h  boys  can  dig  m  acres  of  ground  in  n  days,  shew 
that  the  number  of  boys  whose  assistance  wHl  be  r^uired  to  enable  ^ 
(a— ^)  men  to  dig  (m+p)  acres  in  {n-^p)  days  is  equal  to 

£»/   «+«,  «\ 

a  \       n--p    m/ 

3.  A  and  B  could  do  a  piece  of  work  in  10  days,  B  and  C  in  IS 
days,  A  and  (7  in  25  days ;  all  work  4  days,  when  A  leaves ;  B  and  6 
work  on  5  days,  when  B  leaves ;  in  how  many  days  will  C  finish  the 
work? 

4.  A  hare  is  80  of  her  leaps  bef<»e  a  greyhound.  The  greyhound 
takes  two  leaps  for  every  three  of  the  hare ;  but  one  of  the  greyhound's 
leaps  is  equal  to  two  of  the  hare's.  How  many  leaps  will  the  hare 
have  taken  before  she  is  overtaken  by  the  greyhound  ? 

5.  The  rent  of  an  estate  in  one  year  was  greater  by  8  per  cent,  than- 
it  was  in  the  preceding  year.  If  the  increased  rent  was  £1,890,  what 
was  the  rent  in  the  year  before  ?  What  would  have  been  the  result  if 
the  rent  had  been  lees  by  8  per  cent.  ? 

6.  A  cistern  is  supplied  by  the  pipes  A  and  B,  and  may  be  emptied' 
by  the  pipe  C ;  when  A  alone  is  open,  it  is  filled  in  5  hours ;  when  A 
and  C  are  open,  it  is  filled  in  7^  hours ;  and  when  B  and  C  are  open 
it  is  filled  in  3  hours.  In  what  time  will  the  cistern  be  filled  when  A 
and  B  are  open,  and  C  closed  ? 

7.  A  cistern  has  three  pipes  A,  By  C.  A  will  fill  it  in  m  hours,  and 
^  in  n  hours,  and  C  will  empty  it  in  c  hours.  The  cistern  being  empty, 
the  pipe  A  is  opened  at  a  certain  hour,  the  pipe  ^  at  an  interval  of 
OBO  hour,  and  tiie  pipe  (7  at  an  interval  of  two  hours  after  the  first  pipe 
was  opened.    In  what  times  will  the  cistern  be  either  full  or  empty  ? 
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8.  In  the  attempt  to  draw  up  a  regiment  in  a  solid  square,  it  was 
found  that,  placing  a  certain  number  of  men  in  the  side  of  the  square, 
there  were  39  men  over ;  but  on  extending  the  side  of  the  square  by 
one  man,  50  men  were  wanted  to  complete  the  square.  How  many 
men  did  the  regiment  contain  ? 

9.  If  a  cistern  be  fiUed  by  each  of  four  pipes  singly  in  a,  h,  c,  d  hours 
respectively ;  in  what  time  will  the  four  pipes  together  fill  the  cistern  ? 

10.  Explain  the  rule  which  is  called  **  the  chain  rule/'  and  exem- 
plify its  use. 

XV. 

1.  Explain  what  is  meant  by  the  root  or  roots  of  an  equation,  and 
instance  it  in  the  equation  4:r-(-2  -  da;+3* 

2.  State  the  advantages  of  denoting  the  data  of  a  problem  by  the 
letters  a,  h,  c,  &c.,  and  the  quseaita  by  the  letters  s,  y,  x,  &c. 

3.  Explain  the  nature  of  the  following  equations,  and  give  correct 
answers: — 

f3)  * =^l ?_ 

^  ^  (2x"'\){2x^b)     2a?— 5     2a?— T 

4.  If  x^a  =  \{x—h)  =  ^{z'-o)  =  \{x—d)  and  ir  =  a+i+^+rf,  then 
shall  \a-\h  =  c-  —  Ji. 

5.  If  (J— c)(i(?+ar)^  =  (c— a)(«»+a;)^  =  (a— 3)(ai+a:)r,  obtain  an 
equation  which  does  not  contain  x. 

6.  If  a+^+^  =  0,  find  the  value  x  in  order  that 


a — X    h — X    e — X 

7.  Solve  the  equationB  »{'»-{*-n)}  J{»-{^-fn)}  ^^^ 

8{ 5-^(^-4)1  ^  71{4-^ar~5)}  .  ^^^  ^^^ ^^^  ^  .^  ^^ ^^^^^ ^^  ^^^^ 

a  and  h  be  equal,  x  may  have  any  value  whatever ;  but  that  if  a  and 
h  be  unequal,  x  has  only  one  and  the  same  value,  whatever  xmequal 
values  a  and  I  may  have. 

8.  If  the  equations  a^x+^i— a^+^i  =  tfs^+^<    be    simultaneous, 
shew  that  x  may  be  expressed  in  a  symmetrical  form : 

=  3(a:— a)(ar— i)(a?— (?), 
thenshaU;c  =  f*+^±*?. 

10.  In  the  product  of  (a:+«)(«+^)(^+^),  the  coefficient  of  «*  vanishes, 
and  in  the  product  of  {x^a){x^h){x-\-e)y  the  coefficient  of  x  vanishes, 
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and  the  coefficient  of  x  in  the  former  is  that  of  .r'  in  the  latter ;  find  m 
in  terms  of  h  and  c. 

XVI. 

Solve  the  following  equations,  and  express  in  words  at  length  the 
first  four  of  them : 

1.  2a?+3y  =  32,  3x+2y  =  33.       2.  4j:  +  5y  =  41,  4y-5x  =  4. 

3.  124?+13y  =  37,  17:r— 19y=15. 

4.  87a;— 72y  =  78,  78:i?+14y  =  934. 

5.  a:— y  =  y+l,  a?+2  =  2(y— 2).       6.  3a;— 2y=  1  =3y— 4a:. 

7.  (a;+5)(y+7)  =  (a:+l)(y-9),  2a;+10  =  3y+l. 

8.  2y+3a:=16ay,  3y+2a;=  14a;y. 

9.  ^+1=11,   1+1  =  10.     loJ+1.,7,  t-\  =  io. 
79  92  X    y  x    y 

11.    3+4^1=5_4       12.  1+1=8,  1_J--1. 
X    y  X    y  Sx    5y  9x     lOy 

xvn. 

1.  •08a?  =  -21y  =  -33,  -120?+%  =  3-54. 

2.  ar+y=  18-73,  -560?+ 13-421y  =  7634. 

3.  2a:+-4y«l-2,  3-4a:--02y= -01.  j 

4.  •3jr+-125y  =  3a?-y,  3a: - -Sy  =  2-25y - 3y. 

5.  •ly+'125a:  =  y— 0?,  y— •5a?='75a?y  — 3a?. 
€.  4a?+8y  =  2-4,  10-2a?--06y=03. 

xvni. 

1.  ;c  =  9-?^,  y  =  ll+^     2.  -4t  =  3»  -4t-t- 

2    ^  3  a;+l  y+1     4 

«    a?-2     y-3     3     y-2     a:-3     2 
3    +    4    "2'      3  4        3 

4.   f  +  3y  =  39,   ?+3ar  =  31.      5.  7a;+|  =  99,    7y+?  =  51. 

6.  ^y  =  10,   ?i+^=12.       7.  LL^+y  =  8  =  HfZ^+27, 

2  4  5    ^3  4 

3r-.y^2H-y+l     8-5=^  =  6. 
3  5  5 

9.   y.2y-3a:^       7ar-3y_^^^^^ 
3^      6  2 


10.  ?±2y  .?Z:^y  =  2,   ^-fy+1     a:-h6y-l.^^ 

7     ^     5  '  3  12 

11.  ?-12=y+8,   i±i^+?-8  =  ?yZf+27. 
2  4       '       5    ^3  4 


12.    2a?+3y— -  =  18,    aa:+2y— -  =  15. 

4  3 
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XIX. 


8. 


2+a;     3     2—x     4 


2+y     4'  2-^-3 
^     24x~2y— ar     2a;— 19     ary-l7y-3     3y+17 
23— a?       ~       2      '         a;— 18       ""       3      * 
^     2a;+y     9a;— 7     8y  +  9     4a;+5y     5a;— 3     3a;— 19  _  .__3y— a? 

2  ^8      ~      4  16""'  ""3  2  ~3 

«     7+a;     2x—i/     «       ^     5a;— y     4a; — 3     ,«,     ^ 


^     4y-,3a:+3f^73^-2gj^i     1^3^ 

16  18         ^-576        ^ 

"ll~^      3~"~   ^         2  '5~~'    2^  +  3"^  3* 

o     4»  .  Q       1^2     3(a;+y)     3a;     2  f      ,  13        ) 

9.    _+8y.l6,-+-L-^-iL^._+„{a;+---y}.  .^ 

5  5         "3"'    ""7      "      3     "*"  ' 

11.  a;.?y=?  =  20-5^:=i^,    y+llli  ^3o.73-8y 

23  .     2      '    ^^    18  3 

12     3a;+2y5a;— jy+1  _^  .  y"-2a;     12a;+6y— 3^^  ! 

5  3  "*"    1 0    '    6a;+12y— 1       '  ; 

XX 

1.  mx+y  -  a,  x^my  =  3.     2.  ax^hy  =  a',  hx—ay  =  J-. 

3.  (a-3)a?+(<?— %=^+g',  («+i)a;— ((?+c^y=ii-3^. 

4.  ax'^hy  =  m,cx+di/  =  n.     5.  ax+hy  =  Cf  px  =  qy. 

6.  a(a;-y)+%+y)+ra;— <;y  =  (f,  a:— y-1. 

7.  (a+J)a;+(J+c)y  =  (f,  (J— (?)a;— (c— %  =  d. 

8.  ax+hy  =  xy=:bx — ay,     9.  fla;y  =  c(^a?+ay),  hxy^c^ax — By). 

12.  a^+^y  =  «-^,i±f^^.    13.    ?+y=.l,|.+  y^?. 

2a;    3y        2y^3a;  ( x^y  f       '^{xyf 

XXI. 

1.  Find  two  numbers  such  that  the  sum  of  twice  the  first  and  the 
second  is  equal  to  17,  and  the  sum  of  three  times  the  second  and  the 
first  is  equal  to  19. 

2.  Find  two  numbers  such  that  half  of  the  first  and  three-fourths 
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of  the  seoond  together  are  equal  to  the  difPerenco  of  three  times  the> 
first  and  the  second,  and  this  difference  is  equal  to  II. 

3.  Two  digits,  which  form  a  number,  change  places  on  the  addition 
of  9,  and  the  sum  of  these  two  numbers  is  33 ;  find  the  number. 

4.  There  are  two  numbers,  each  consisting  of  three  figures.  If 
unity  be  added  to  the  sum  of  the  two  numbers  the  amount  is  1,000. 
If  the  smaller  number  be  written  as  a  decimal  fraction  after  the 
greater,  the  result  is  six  times  the  number  composed  of  the  greater 
number  written  as  a  decimal  fraction  after  the  smaller ;  find  ^e  two 
numbers. 

5.  If  the  less  of  two  numbers  be  divided  by  the  greater,  the 
quotient  is  *21  and  the  remainder  is  -04162.  If  the  greater  be  divided 
by  the  less  the  quotient  is  4  and  the  remainder  *742 ;  find  the  ntmibers. 

6.  Find  two  numbers,  such  that  if  f  of  the  less  be  added  to  ^  of 
the  greater,  the  sum  will  be  7  ;  but  if  j  of  the  greater  be  taken  from 
the  less,  the  remainder  will  be  2. 

7.  Divide  the  nimiber  208  into  two  parts  such  that  the  stun  of  one- 
quarter  of  the  greater  and  one-third  of  the  less  part  when  increased 
by  4  shall  be  equal  to  four  times  the  difference  of  the  parts. 

8.  There  is  a  fraction  such  that  if  5  be  added  to  its  numerator  the 
value  of  the  fraction  is  doubled,  and  if  4  be  taken  from  its  denomi- 
nator the  value  of  the  fraction  is  trebled ;  find  the  fraction. 

9.  Find  a  fraction  such  that  when  its  numerator  is  diminished  by 
unity,  two-thirds  of  it  is  equal  to  9 ;  and  when  the  denominator  ia 
dimhdshed  by  unity,  one-seventh  of  this  shall  be  equal  to  2. 

10.  There  is  a  fraction  such  that  when  its  denominator  is  increased 
by  one  the  fraction  becomes  one,  but  when  the  numerator  is  increased 
by  1  the  fraction  becomes  i ;  find  the  fraction. 

11.  What  fraction  is  that  whose  numerator  being  doubled  and  the 
denominator  increased  by  7,  the  value  of  the  fraction  becomes  f ,  but 
if  the  denominator  be  doubled  and  the  numerator  increased  by  2,  the 
value  becomes  f . 

12.  Solve  the  equations  ai^-l-%  =  <?ii  a^+h^  =  ei.    What  form  do^ 

the  values  of  x  and  y  take  when  ~  » -i  =  -,  and  what  does  it  indicate  ?* 

<li       ^2       ^3 

xxn. 

1.  A  sum  of  money  consists  of  half-crowns  and  sixpences,  and  is. 
worth  as  many  shillings  as  there  are  pieces  of  money,  also  the  square^ 
of  the  number  of  sixpences  is  36  times  the  number  of  half-crowns ; 
find  the  sum  of  money. 

2.  On  a  division  of  the  House  of  Commons,  if  the  number  of 
members  for  the  motion  had  been  increased  by  40  from  the  other  side, 
the  question  would  have  been  carried  by  3  to  2 ;  but  if  those  against 
the  motion  had  received  sixty  of  the  other  party,  the  motion  would 
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have  been  lost  by  2  to  1.     Did  the  motion  succeed,  and  how  many 
members  voted  on  the  question  ? 

3.  A  certain  number  of  men  do  a  piece  of  work  in  a  certain  num- 
ber of  days ;  had  there  been  4  men  more  they  would  have  finished 
-the  work  in  8  days,  but  three  times  the  number  of  men  would  have 
finished  the  work  in  two  days  less  than  half  the  time  employed ;  re- 
quired the  number  of  men  actually  employed. 

4.  Show  how  £12  can  be  paid  by  means  of  guineas  and  moidores, 
so  that  the  total  number  of  coins  which  pass  in  the  transaction  shall 
be  16. 

5.  A^B  annual  income  is  half  of  ^'s,  and  B  spends  £60  a  year  more 
'than  A.  At  the  end  of  two  years  A  has  saved  £200,  and  B  £600. 
What  are  their  yearly  incomes  ? 

6.  A  pound  of  tea  and  three  pounds  of  sugar  cost  six  shillings ; 
but  if  sugar  were  to  rise  50  per  cent.,  and  tea  10  per  cent.,  they  would 
cost  seven  shillings.    What  were  the  prices  of  tea  and  sugar  ? 

7.  Two  plugs  are  opened  in  the  bottom  of  a  cistern  containing  192 
gallons  of  water ;  after  three  hours  one  of  them  becomes  stopped,  and 
the  cistern  is  emptied  by  the  other  in  eleven  hours ;  had  six  hours 
>occurTed  before  the  stoppage  it  would  only  have  required  six  hours 
miore  to  empty  it.  How  many  gallons  will  each  plug-hole  discharge  in 
an  hour,  supposing  the  discharge  uniform  ? 

xxin. 

1.  :r-l-y  =  5,  4:+s  =  4,  y+«=:8. 

8.  2«+dy  =  13,  5^-1-42  =  26,  4y-|-38  =  24. 

4.  x+lOO  =  f/+z,  y+100  =  2a:-|-22,  a-|-100  =  3«-|-3y. 

5.  a:— y— s  =  6,  3y— a;— s=12,  72-y-«  =  24. 

6.  ic-l-y— 8  =  8x-|-3y— 6«  =  3«-4^— y  =  l. 

7.  5(2^+3y)  =  ll(«-|-y),  3{x+%)  =  5{x^z\  14(10y-38) 

=  87(4y-ai). 

8.  3a:+2y— 2  =  20,  2«+3y-|-6s  =  70,  «— y-|-62  =  41. 

9.  a?-f2y-|-38=17,  z-l-2a?-|-3y  =  12,  y-f2a-|-8a:=  13. 

10.  2»:rH-3V  +  4^  =  70,  5*x-|-6V+7'2  =  224,  8'a;-|-9«y+10^  =  526. 

11.  2a;+3y— 8«H-35  =  0,  7a;— 4y-|-«-8  =  0,  12a;— 5y— 3s+10  =  P 


12.  ?.^|+-"  =  62,   ?+y+-'  =  47,   ?+?'+|  =  38. 
2^3^4  3^4^5         '    4^5^6 

13.  ?+?4.?  =  10,  y+2+a;  =  29,  y+2ar-|-3«  =  62. 
^     o     4 

14.  y+|  =  41,   «+|  =  20J,   y+»  =  84. 

16.  ?+y+?=5f,  y+f+i.=6i,  f+f+y=6u. 

3^4^5       ^'    8^4^10       ^     3+6^6       " 
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2  .  13     3_2     „     1  .  1     4 
V"2'  8    y 


ar^v     2     8     y  x^  %     3 


^2y""5'  2y+38"l3'    3a?+4z"13' 


XXIV. 


1.  flwr+y  =  ^,  5y+8  =  a,  «+«  =  *. 

2.  c(ar+y)  =  «,  <iP+a)  =  ^»  ar+y+«  =  tf. 

3.  <i(ir+  =  fo,  h{y+e)  =  tfz,  *ca;+a^+<i^  =  0. 
4.  ay^hx  =  e,  h%+cy  =  a,  cx+az  =  b. 

6.  x+%  =  y,  {a+h)x+{h+c)z  =  {a+e)y,  ahx+hcz  =  l+acy. 

7.  ar+y+8-0,  {a+b)x+{a+e)y+{b  +  o)s  =  Oy  abx-\'acy+bcz=l.^ 

8.  ar+5y+«  =  *'»  *^+^y+«*  =  *'»  cx+ay+b»  =  (^. 

10.  ax+by+cz  =  p,  d'x+b^+iH^qy  a'«+J*y+c»2  =  r. 

11.  ax+(b+e)y+(b'^c)z  =  b,  bx+{e+a)y  +  {c^a)z  =  c, 

ex+{a+b)y+{a^b)z  =  a. 

12.  ax+cy+bz  =  cX'^by-\'az  =  bx+ay+e%=:o^+Iii'+c'Sabo. 

13.  ary  =  a(a?+y),  a3  =  5(a?+a),  8y  =  <z+y). 
.J     a     b     b    c    c  ^  a    » jj> _J>     . 

xyyzzxx'yz 

15.  a:y  =  «»(ay+J:t?),  y«  =  w(«+(%f),  a»=p(«f+A). 

16.  iMr+<jy+J2  =  a'+2J^,  (wr+^+tf8  =:  3'+2c«,  to+«y+«-«»+2a5. 

«f  *y         «* 

21.  ary«+<iy«+«P«+*^  =  <'»  iiry«+(jy»+^«a?+(7>ry  =  o, 

cary»+^«+<M»+<«fy  =  0. 

XXV. 

Eliminate  x,  y,  s  from  the  following  equations  :— 

2.  (6+(^)a;+((^+a)y+(«+^)«  =  <>.  (A-^>+(^-«)y+(«-*>-0. 
3    (Mr+*y+«-i^+<y+^'"<^*+«y+**'"^'  ^^®^  «»+y'+2--i> ' 

5.  bx+ey+az^ax^^ay+bz^ab+be+ac,  x+y+z^a+b+o. 


28 


XXVI. 

1.  Determine  three  numbers  such  that  their  sum  shall  be  9^  the 
<sxim  of  the  first,  twice  the  second,  and  three  times  the  third  shall  be 
22,  and  the  sum  of  the  first,  four  times  the  second,  and  nine  times  the 
third  shall  be  58. 

2.  The  differences  between  the  first  and  second,  and  the  second 
and  third  digits  of  a  certain  number  are  equal.  If  the  number 
be  divided  by  the  sum  of  the  digits  in  the  units  and  tens  place,  the 
quotient  is  107 ;  but  if  396  be  subtracted  from  the  number  its  digits 
will  be  inverted.     What  is  the  number  ? 

3.  A  certain  number  of  three  digits  exceeds  the  sum  of  the  digits 
by  180.  If  the  digits  be  reversed  it  exceeds  the  sum  by  378  ;  but  if 
divided  by  the  sum  of  the  digits,  the  quotient  is  14  and  the  remainder 
is  11.     Find  the  number. 

4.  A  number  consisting  of  three  digits  is  equal  to  42  times  the 
sum  of  the  middle  and  left-hand  digits,  the  sum  of  the  digits  is  equal 
to  9,  and  the  right-hand  digit  is  twice  the  sum  of  the  other  two. 
What  is  the  number  ? 

5.  The  sum  of  three  numbers  is  (l>+l)(^+l)»>  the  sum  of  the  two 
larger  is  equal  top  times  the  least,  and  the  sum  of  the  two  smaller  is 
^  times  the  greatest.    Find  the  numbers. 

6.  Divide  27  into  four  parts  such  that  the  first  increased  by  2,  the- 
second  diminished  by  2,  the  third  multiplied  by  2,  and  the  fourth 
divided  by  2,  shall  give  equal  results. 

7.  To  find  four  numbers  such  that  the  sum  of  the  first,  second, 
and  third  shall  be  13;  the  sum  of  the  first,  second,  and  fourth,  15; 
the  sum  of  the  first,  third,  and  fourth,  18 ;  and,  lastly,  the  sum  of 
the  second,  third,  and  fourth,  20. 

XXVII. 

1.  A  and  B  together  possess  £120,  B  and  C  £150,  and  C  and  A 
£140.    What  does  each  possess? 

2.  A  person  has  200  coins  consisting  of  guineas,  half-sovereigns, 
and  half-crowns ;  the  sums  of  money  in  guineas,  half-sovereigns,  and 
half-crowns  are  as  14,  8,  3.    Find  the  numbers  of  the  different  coins. 

3.  HandeFs  last  oratorio,  ''Jephtha,"  was  composed  in  the 
eighteenth  century.  The  first  and  last  digits  in  the  number  express- 
ing its  date  are  the  same,  and  if  the  digits  be  inverted  the  number 
will  be  diminished  by  180.    Find  the.  date. 

4.  A  sum  of  money  which  consists  of  shillings,  half-crowns,  and 
sixpences,  is  worth  as  many  shillings  as  there  are  pieces  of  money ; 
it  is  also  worth  as  many  haJf -crowns  as  there  are  shillings ;  and  the 
number  of  sixpences  is  one  more  than  the  number  of  shillings.  Find 
the  number  of  each  of  the  coins. 
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5.  If  three  persons,  A,  B,  C,  can  separately  perform  a  work  in  the 
times  ti,  ^2«  ^t  respectively ;  in  what  time  they  can  do  it  jointly  ?  and 
conversely,  if  they  can  do  it  jointly  in  time  t,  find  in  what  times 
they  can  do  it  separately.  Shew  also  that  {ti+t^+t^)  --rt  can  never 
be  less  than  9,  if  ^  be  fixed,  and  when  it  is  equal  to  9,  ^1  =  ^2  =  4* 

6.  A  and  B  can  complet0  a  work  in  a  days,  A  and  C  in  h  days, 

and  B  can  do  p  times  as  much  as  C  in  a  given  time ;  shew  that  B  and  G 

(p-^YSah  h — pa 

can  complete  the  work  in  T^jCiYb^a)  ^*y^'  *^^  *^^*  -^ must  do  "^ j  ' 

times  as  much  as  C.    Why  cannot  p  be  greater  than  unity,  and  a 
greater  than  h  simultaneously,  and  consequently  this  result  negative  ? 

7.  The  effect  m  is  produced  by  the  action  of  the  agents  A  and  B 
together  in  the  time  a,  and  by  B  and  C  together  in  the  time  b,  and  by 
C  and  A  together  in  the  time  e ;  in  what  time  can  each  separately, 
and  all  together  produce  the  same  effect  ? 

8.  To  complete  a  certain  work  A  requires  m  times  as  long  a 
time  as  B  and  C  together,  B  requires  n  times  as  long  as  A  and  C 
together,  and  C  requires  p  times  as  long  as  A  and  B  together.  Explain 
the  nature  of  the  results  which  the  problem  admits.     Show  that 

111, 

+-rvi+:rri=l. 


m+l^n+l^p+l 

xxvin. 

1.  Determine  the  relations  which  must  subsist  between  the  co- 
•efiicients  of  three  equations  involving  three  unknown  quantities  in 
order  that  one  of  the  equations  may  be  derived  from  the  other  two. 

2.  Explain  the  meaning  of  the  equations 

(hP^+h^+CiZ  =  a^+b^+c^  =  a^+b^+c^  =  1 

when  the  values  of  x,  y,  or  2  take  the  form  of  - .     Also  shew  that  they 

are  equivalent  to  two  independent  equations  when 

Uj — a^    hi — h^    Ci — <?j 

3.  If  <M?+c,y+Ji«  =  0,  c^x+bif+aiZ  —  O,  6iaj+ajy+«;  =  0, 

shew  that  atfi*+Wi'+<?<i*=«^<?+2«iii(?„ 
and  {ab^e^){ea'^h^)x'  =  {bC'-a^\ah'-'Ci^y  =  (i(?-«j^)(«<?-5f )«*. 

4.  Find  the  condition  whidbi  must  exist  in  order  that  the  equations 
^i^+^jy  =  ^i9  ^+b^  =  ^ii  o^+b^=c^f  may  be  consistent;  and  shew 
that  under  this  condition  the  equations  aiX+hijf+eiZ=^di, 
^^+h^+e^  =  d^,  a^+  h^+c^  =  rf„  are  inconsistent. 

5.  Explain  the  method  of  indeterminate  multipliers  for  the  solution 
of  linear  equations,  and  reduce  the  equations 

fn^  fifj  fity 

J?H-a     y  +  g      ZAry 

P    "   q    "    r  ' 
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Theii8haU*  =  ?i  =  ??-??. 

0       Oi       02        Oi 

7.  Solve  the  equations  a?+y+««  1,  fla?+iy+(?»=  — (a+i+<?)r 

and  shew  that  a*a;+3y+^«'=  («'^+*V+<^«)'• 
8.  Give  a  solution  of  the  equations  3a; +4y  +  5«  =  10, 

4a?+5y+62=12,  5ic+6y+7«=14, 
and  point  out  the  meaning  of  the  result. 

9.  Shew  that  the  following  three  equations  are  inconsistent, 
27ar+3y+25?=.40,  a:— y+2f  =  3,  2j:+4y— 3»=12. 

10.  Prove  that  the  equations  -+-+-  =  -+i+->    -+-+-=  1^ 

^+--i--=0,  are  equivalent  to  only  two  independent  equations  if 
X     y    z 

«+&+<?  =  0. 

11.  The  system  of  equations  a?(»i+»)'+y»' +»»*''■<»> 
ar»'+y(n+/)'+»J'  =  ^a?»»«+y?+a(/+w)*  =  c,  is  incompatible,  if 

i»n+n/+//»  =  0,  unless  /«+w5+w<?  =  0,  and  is  then  indeterminate. 

XXIX. 

1.  Apply  the  method  of  indeterminate  multipliers  to  find  the  value 
of  X  from  the  equations, 

y+«+w  =  14,  2x+3«+2w  =  33,  a;+y+2w  =  18,  3a?+2y+2«  =  20. 

2.  Givenar+iy+r«+<fe  =  A,  a*a;+6V+^«+'^  =  ^*> 

3.  Shew  that    the  five  equations,   2(ari— ara)  =  (l  +  >/6)(a?j-a?a), 
2(ar,-ar,)  =  (l  +  >/5)K-:ri),  2(a?,-a?4)-(l  +  v'6)(«5-«,), 

2(0?,-  ar,)  =  (1  +  N/5)(a?i  -  ^,),  2(^75-  a:i)  =  (1  +  V5)(a?,-a?4),  are  equivalent 
only  to  two  independent  relations  between  x^^  x^y  x^  x^  and  x^. 

4.  Eliminate  u,  x,  y,  s  between  the  equations 

y+s+«  =  fl:r,  2+w+ar  =  5y,  t«+^+y  =  «i,  a?+y+a  =  <^w. 

5.  If  ui+J?+C=:i)+2(f,  B+C+D'^A+2a,  C+D+A^B+2br 
J)+A+B''C+2e,  SiudA+B+C+I)=:2x, 

then  shall  ar  =  i{a+3+<?+(?}. 

6.  Ify--?— ,  8=  -?_,«-—?-.,  <---^,     find     the    relation 

*^     2— a;  2— y  2—2         2-t* 

between  ^  and  x. 

7.  What  are  the  conditions  necessary  in  order  that  an  equation,  or 
a  series  of  equations,  may  give  definite  values  for  the  unknown 
quantities  contained  in  them  ? 

8.  How  many  equations  must  be  given  in  order  to  eliminate 
1,  2,  3,  .  .  .  »  unknown  quantities  between  them?  Explain  when  and 
how  such  elimination  is  possible. 
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9.  If  there  be  m+n  unknown  qoantitiee  and  only  m  independent 
equations ;  then  n  of  the  unknown  quantities  can  be  considered  as 
perfectly  arbitrary  and  independent  in  value. 


Find  the  solutions  in  positive  integers  of  the  equations  : — 

1.  2ir— 3y  =  l.      2.  7«— 6y  =  l.     3.  35a;— 19y  =  l. 

4.  19a:— 117y-ll.       6.  17a?-19y«42.       6.  13a?— I7y  =  54. 

7.  13a:+7y  =  141.       8.  9«+18y  =  200.       9.  lla?+13y  =  400. 
10.  9a?+13y=:2000.       11.  7aj+9y  =  653.       12.  lla?+6y=100. 
13.  30ar+48y==335.       14.  Ila?+l7y  =  248.       15.  32a;+lly=182. 
16.  l74?+23y  =  200.       17.  8079d;+2711y  =  37819000. 


XXXI. 

Find  the  solutions  of  the  following  equations  in  positive  integers :— > 

1.  3a?+7y+l7«-100.     2.  6a?— 4y+7«-:190. 

3.  17a?+23y+3«  =  200.       4.  I7ar+19y+21«  =  400. 

5.  12a?+15y+20«-1001.       6.  7a?+9y+232  =  999. 

7.  4a?+5y-14«  =  49.       8.  5iP+7y+lU  =  224. 


Determine  the  solutions  in  positive  integers  of  the  following  equa- 
tions : — 

1.  x+2ff+Bz  =  20  and4x+5y+6«  =  47. 

2.  6a?+7y+4s  =  122  and  lla?-H8y— 68- 145. 
8.  4a?+5y+7s  =  560  and  9a?+25y— 498  »  250. 
4.  3a?+8y+9;sa656and4?+5y+48  =  272. 


XXXIII. 

1 .  A  certain  number  when  divided  by  5  and  by  4  leaves  a  remainder 
of  unity  in  each  case,  but  when  divided  by  3  it  leaves  no  remainder ; 
what  is  the  number  ? 

2.  What  number  is  that  which  when  divided  by  4  leaves  a  re* 
mainder  3,  and  when  divided  by  9  leaves  a  remainder  4  ? 

3.  Determine  the  least  number  which  being  divided  by  3,  5,  7, 
the  remainders  shall  be  2,  4,  6  respectively. 

4.  Find  a  number  which  when  divided  by  6,  5,  4,  8,  2,  shaU  leave 
the  remainders  5,  4,  3,  2,  1  respectively. 

5.  Can  an  integral  number  x  be  found  such  that  when  4,  6,  6  are 
respectively  taken  from  x,  2x,  3a?,  and  the  remainders  divided  by 
7.  8,  9,  the  quotients  shall  be  integral  ?    If  possible,  shew  that  the 
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Bumber    of   solutions   is    indefinite;   if  not  possible,    explain  the 
reason. 

6.  Divide  196  into  two  parts  such  that  the  greater  divided  by  7 
gives  a  remainder  5,  and  the  less  divided  by  5  gives  a  remainder  1. 

7.  Shew  that  (a?— tf)(y— 3)  +  (y— a)(a?— i)  =  0  is  an  indeterminate 
equation  such  that  for  each  value  of  x  there  is  one,  and  only  one  value 
of  y,  and  trace  the  changes  in  the  value  of  y,  as  x  changes  from  a  to  i. 

8.  In  the  equation  ax±.hy''  ±r,  if  a  and  h  have  a  conmion  divisor, 
which  is  not  also  a  divisor  of  e^  the  solution  of  the  equation  is  impos- 
sible in  integers. 

9.  Shew  that  the  number  of  solutions  in  positive  integers  of  the 
equation  a?+y+«=n+«  is  in(»+l). 

XXXIV. 

1.  The  sum  of  two  numbers  is  78,  one  of  them  is  divisible  by  5  and 
the  other  by  3 ;  how  many  pairs  of  numbers  satisfy  these  conditions  ? 

2.  Divide  1,000  into  two  parts,  such  that  one  shall  be  divisible  by 
7  and  the  other  by  11. 

3.  Find  all  the  numbers  of  two  digits  which  exceed  six  times  the 
left-hand  digit  by  38. 

4.  There  is  a  number  of  two  digits  which,  if  its  digits  be  reversed, 
becomes  less  by  1  than  its  half.    What  is  the  number  ? 

5.  Find  two  ^^actions  whose  denominators  are  prime  to  each  other, 
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(1)  when  their  sum,  (2)  when  their  diflference  is  equal  to  v.. 

6.  Show  that  the  indeterminate  equation  49ir+63y  =  491,  can  have 
no  solution  in  which  both  x  and  y  are  integers. 

7.  Find  what  multiples  of  355  and  of  452  differ  from  one  another 
by  any  given  number. 

XXXV. 

1.  Find  the  number  of  different  ways  in  which  a  substance  of  a 
ton  weight  may  be  weighed  by  weights  of  91b.  and  14lb. 

2.  Show  that  £20  can  be  paid  in  seven  different  ways  in  half- 
guineas  and  half-crowns. 

3.  In  how  many  ways  may  a  bill  of  £1,000  be  paid  in  half-sove- 
reigns and  half-crowns  ? 

4.  A,  having  only  one  pound  notes,  owes  128.  to  -B,  who  has  only 
seven  shilling  pieces.  What  is  the  least  number  which  A  and  B  must 
respectively  interchange  so  that  the  debt  may  be  discharged  ? 

5.  Supposing  a  sovereign  be  worth  25  francs,  and  a  napoleon 
worth  20  francs,  find  the  simplest  way  of  paying  a  debt  of  28  shillings 
by  giving  English  and  receiving  French  gold. 

6.  Find  a  sum  consisting  of  x  pounds  and  y  shillings,  the  double 
of  which  shall  be  y  pounds  and  x  shillings. 
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7.  A  lias  to  pay  B  the  sum  of  19s.  Gd.,  haying  only  12  half-crowns 
and  10  shillings,  while  B  has  4  half-crowns  and  8  shillings.  In  how 
many  ways  can  the  payment  be  effected  ? 

8.  If  the  3  per  cent,  consols  are  at  64  and  the  4  per  cents,  at  84 
in  how  many  ways  can  £8,480  sterling  be  invested  in  these  stocks  ? 
Which  is  most  adyantageons  f    Can  there  be  an  equal  number  of 
hundreds  of  each  stock  ? 

9.  If  capital  be  inyested  in  the  4  per  cents  at  96,  and  in  the  5  per 
cents  at  105,  how  much  must  be  invested  in  each  stock  so  as  to  realise 
A\  per  cent,  on  the  capital  invested  f 

XXXVI. 

1.  Determine  three  fractions  with  prime  denominators  whose  sum 

ifllH. 

2.  Find  three  fractions  whose  denominators  shall  be  6,  9, 18,  whose 

sum  shall  be  2f ,  and  the  difference  of  the  first  and  second  equal  to 
that  of  the  second  and  third. 

3.  In  150  coins  consisting  of  sovereigns,  half-crowns,  and  shillings, 
if  the  sum  represented  by  the  half-crowns  and  shillings  be  equal  to 
that  represented  by  the  sovereigns ;  find  the  numbers  of  the  coins. 

4.  Find  the  number  of  ways  in  which  the  sum  of  five  pounds  can 
be  paid  in  exactly  50  coinsy  consisting  of  half-crowns,  florins,  and 
fourpenny  pieces. 

5.  Find  in  how  many  different  ways  the  sum  of  £6  168.  can  be 
paid  in  guineas,  crowns,  and  shillings,  so  that  the  number  of  coins 
used  shall  be  exactly  16;  and  in  each  case  determine  the  number  of 
guineas,  crowns,  and  shillings  respectively. 

6.  In  how  many  ways  can  a  year  be  made  up  of  12  months  of 
28,  30,  and  31  days? 

7.  Four  jewellers  possessing  respectively  8  rubies,  10  sapphires^ 
100  pearls,  and  5  diamonds,  presented  each  irom  his  own  stock,  one 
apiece  to  the  rest  in  token  of  regard  and  gratification  at  meeting ;  and 
they  thus  become  owners  of  stock  of  precisely  equal  value;  tell 
what  were  the  prices  of  their  gems  respectively.     ( Vtjcb-  Ganita,  ch.  iv.) 

8.  The  horses  belonging  to  four  persons  respectively  are  5,  3,  6y 
and  8 ;  the  camels  appertaining  to  them  are  2,  7,  4,  and  1 ;  their 
mules  are  8,  2,  1,  and  3 ;  and  the  oxen  owned  by  them  are  7,  1,  2, 
and  1 ;  all  are  equally  rich ;  tell  the  rates  of  the  horses  and  the  rest. 
( Ftja-  Ganita,  ch.  vi.) 


BESULTS,  HINTS,  ETO.,  FOB  THE  EXEBCISES  ON 
EQUATIONS  or  THE  SIBST  DEGBEE. 

I. 

1.  x^2.         2.  «»46.        8.  x^6.        4.  «»-|.        5.  «={. 
6.  a;=12.        7.  a5=-12.    8.  aj»8.        9.  %>=y.        10.  x»-2. 
11.  a;=  -3.    12.  «=86. 

XL 

1.  a;=2'6.        2.  a;=20.  8.  a:=8.  4.  x=2*086i 

5.  x=  -2.       e.  x«ll'686  ...      7.  «=  -12-9411 . . . 

III. 

1.  z-=7i.        2.  2=2}.        8.  aj=-8l.        4.  a:=8.        6.  a;=-|* 

6.  x^2^.        7.  x=80.        8.  «=7.  9.  a^f.      10.  xs-6. 
11.  x-lO.      12.  a:=lj. 

IV. 

1.  a;=30.  2.  x=8l^.  8.  2=4.  4.  x=i|.  6.  2=2^^. 

6.  x=lfj.  7.  aJ^ljf.  8.  x=jl.  9.  a;=120.  10.  a;=-8f. 

11.  aj=4||.  12.  a;=2.  18.  aj=7.  14.  x^5.  15.  »=7. 

16.  aj=8JVV-  17.  a?=2f.  18.  x=i§H.  19.  »=6. 

V. 

1.  «»}.  2.  a;=l{f.  8.  x»-fHf.        4.  x=^im.        6.  a;»4. 

6.  x»8H.      7.  x='9/,]r.        8.  a;=>7.  9.  a;»8.  10.  a;==li{i. 

11.  «=-8.     12.  a?=tt. 

VL 

1.  a;=-^.        2,  05=4.        8.  as^A-        ^'  «=!}.        5.  a?=7. 
6.  The  equation  may  be  redaced  to  the  form 

z-8     (       »— 4i  35-6      I       a;'7l  ' 

or^-J-=-l l,and  -^  -^ 


aj-8    x-A    »-6    aj-7  («-8)(»-4)    (a-6)(aj-7)' 

7.  aj«20.  8.  «=7H-  »•  «=-^.  10.  «=-!«. 

a-2 

11.  aj=lj.  12.  aj=2.  18.  a;=Sf-  !*•  *=2. 

15.  The  equation  is  a;+l+_L--«-2— ?— =aj+3+-?— a5+4-.  * 


x  +  1  sB+2  2  +  8  x+4 

16.  The  equation  is  -4+ Jii-+2--i^=-9+-lL+7-  ^^ 


8x+l  2x+7  x+1  x+2 

Whence  , ^i-^=, 1? ;.  and  ^  ^ 


(8a;+l)(2aj+7)    (x+l)(«+2r  {8x+l)(2aj+7)    (x+l)(x+2) 

VII. 

1.  m^il±.  2.  «-^.  8.  «-r-^ 

a-1  a-26  b-^e-a 
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7    fl._        pq-cd  jj    ^__    a£— oft  ^    ^_    -oft 

(rf+g)a+(c+i»)6                        a+6-c-d  2{a+b) 

10.  aj--i*-.  U,  aj-a+ft.  12.  aj-JL. 

18.  asw.;— .  14,  x^ -•  lo*  a?».      .     • 

16.  X-     «* 


17.  The  equation  ia  an  identity  i£db»bc;  if  not,  it  is  impossible. 

1ft    *« -1  10    o.    ae+bd-b*         ^    ^     -(a«+2a6c-6«) 

18.  a!" -.  18.  aj« — ; — -,        20.  a!"" — i ; -. 

a+6  (a-c)&  a-6 

VIII. 

1.  a;-l. 

2.  (a+&)as»(«+<Q2>  an  identity  if  a+&«e+d»  if  not,  what  explanation  can  be 
given? 

8.  x*  +  ('i^+b)x+ab    z*+(e+d)x+cd 
as+a+6  x+e+d      * 

,+  «>  ._>,+   «<    , ... ^.(«+tw-(«+«i^ii. 

a;+a  +  6  as+c+d*  o^-oi 

4.   aj {arbXb-c)d  5^   ^^ji5_^  ^^   ^^ft(a-l-c~6)^ 

(a-c).|tt(6-c)  +  6(a-6)}.  J+c  a 

ab+ac+bc  87 

o    «.     -{ab^  +  bc^+ea*)  ^^    ^    db^+be^+ea^+dbe 

11.  ^-(ft'-<'')ic+(c'-»')a«+(a'-i')ai^„^.^^., 

(6  -  c)bc  +  (c  — a)ac + (a  -  6)a^ 

12.  *-?^-.Mz8*l.  18.  «-<£r.>_tf)*.  M.  x-tt*±?±i. 

2(a+3i)  2a— e  m+n 

15.  a -<"*+*>* -<"*-">*.  16.  «-l.  17.  « '^-'^    . 

m*-m-2»  a+6-c-rf 

18.  The  equation  when  reduced  and  simplified  becomes 

a*+M+c«-8oic— -8{a»+6«+c«— od-oc— Jcjaj,  and 

a*+b*+e^-Zabc  a+b+e 

IX 

1.  a;-9.  2.  as-^.  8.  «--2.  4.  «a2a.  5.  s«3. 

6.  »=-^.     7.  »--l|l.       8.   a;-20*.         9.  «-^  . 
4  108  ^  a+6 

X. 

1.  Let  X  denote  one  number,  then  a; +10  is  the  other,  and 

«+x+10«100.*.  2a;M90,  and  a; -i  45  the  less,  and  x+10«56  the  greater. 
Otherwise,  if  x  denote  the  larger  number,  then  »  - 10  denotes  the  smaller, 
anda;+a;-10«100,  .*.2a;-110,  and  2-55  the  greater,  and  «- 10*45  the  less. 


a?=- 
19.  x-3.  20.    » 
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s.  x-iios.        a.  x^z.       4.  »«io8.        6.  x^eo. 

6.  The  parts  are  80  and  160. 

7.  Here  J  of  the  first  part*}  of  the  second— 1  of  the  third.  Let  2x  denote  th 
first  part,  then  Zx  is  the  second  part»  and  ix  the  tliird  part .  *.  2a; + Sx + la;- 144.    ' 

8   a;»90.        9.  The  original  number  is  24.        10.  The  fraction  is  Y- 
11.  The  number  is  120.        12.  x*»9.        18.  Let  mx,  na;,  pas,  be  the  parts. 

14.  Let  X  denote  the  number  when  the  first  digit  is  removed,  then  100000+ a; 
expresses  the  number ;  but  10a;+l  =  8  times  the  number  ■■800000+ 8a;. 

.  *.  7a;=299999,  and  a;=42857  . '.  the  number  is  142857. 

15.  Thepartsare ^ ,  ^      ,  2^—-. 

l+«i+ifMi    l+m+w»    l+m+m» 

XI. 

1.  If  ^  be  supposed  older  than  S,  from  the  birth  of  B  they  advance  equally  in 
age,  and  it  is  obvious  that  A  may  become  x  times  as  old  as  ^  some  years  after  the 
given  epoch,  or  some  years  before  that  epoch.  Suppose  A  becomes  m  times  as  old 
as  £  in  a;  years  after  the  epoch, 

Then  a +a;=n(6+ a;),  and  (n-l)a;=a-n5,  .•.a;=2— !?; 

and  X  will  be  poeiHve  or  TugoHve  according  as  a-ft&  is  positive  or  negative;  the 
former  refers  to  time  after,  the  latter  to  time  before  the  epoch. 

2.  x  +  44^3(a;+4),  2;=16,  a; +40— 56.        8.  The  father  is  76  years  of  age. 

4.  .4*sage62,  B*s22. 

5.  x= — 20,  indicating  time  past»  A  was  therefore  twioe  as  old  as  2?  in  1880  -  20 
or  in  1810. 

6.  One  fired  14  shots,  the  other  18. 

XII. 

1.  They  meet  when  A  has  travelled  29-^-  miles  from  Gambridge,  and  when  B 
has  travelled  26J{  miles  from  London. 

2.  500  feet.        8.  90  miles. 

4.  8  of  the  first  dynasty,  6  of  the  second,  8  of  the  third,  and  2  of  the  fourth. 

6.  565  voted  for  one,  690  for  the  other. 

7.  After  10  days,  20  days'  provisions  are  left.  If  as  be  the  reinforcement,  then 
20  days'  provisions  gives  5(a;+  lOOQ^prations ;  but  the  20  days'  provisions  would  have 
given  to  1000  men  20  x  1000  rations.    .  *.  5(a; + 1000)  ^20  x  1000. 

• 

XIIL 

1.  A  invested  £24,000  in  the  8}  per  cents.,  and  B  25,000  in  the  4  per  cents. 

2.  Let  a:  the  rate  on  £4,550,  then  155^+51?2(?±1^=453. 

'      '  100  ^       100 

3.  Let «  be  the  sum  invested  in  the  3  per  cents.,  then  1^  +!^^ZS»40. 

*^  79}         106  J 

4.  Consols  were  at  81 A  <^d  <^t  90* 

5.  Let8a^  2a;  denote  their  incomes,  then  =-,  and  the  incomes  were 

^  2aj  -1000    8 

£C,000  and  £4,000. 

6.  Let  aj=^'s  share,  then  ^'s  share  is  ^±^^;  JTs  £:4±-^   Ca  ^Z|zl^ 

'  8  3  3 

8.  240  sovereigns,  720  shillings,  960  pence. 

9.  £8  and  10  half-crowna.        10.  Cost  price  6s.  8d« 

11.  fl;a£2,200,  the  original  sum.        12.  £540  original  inoome. 
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XIV. 

1.  In  Uie  time      ^»^'^«  ..    The  problem  may  be  extended  to  8,  4,  ftc.,  agents. 

2.  Here  a  men  or  5  boys  dig  m  acres  in  n  days.    .*.  Imandigs — ,    and    1    boy 

fid 

digs  il  acres  in  1  day.    .'.  (a-j?)  men  dig^^^"^^^^"^^   acres   in   {n-p)   days. 

Suppose  X  boys  are  wanted,  then  *  boys  dig  ^"7        •<sres  in  min-p)  days,  and 

no 

the  whole  is  {m  +p)  acres. 

.^  m(g -y)(n~y)    in(m -y)g^^ ^ p^  ^^  ^iji^^  a  can  be  found, 
na  nb 

8.  C7  will  finish  the  portion  left  in  76  days.        4.  The  hare  takes  240  leaps. 

7.  Let  the  cistern  contain  a  gallons,  and  suppose  x  hours  the  time  required  when 

pipe  A  is  opened.    Then  in  x  hours  pipe  A  pours  in  ^  gallons,  pipe  B  pours  in 

^^^~   ^  gallons,  and  pipe  C  pours  out  ^^^^  ^  gallons. 
n  p 

If  the  cistern  become  full,  then  f!?+fl^^zl>»^(5L:l>=a. 

Ill         n  p 

If  the  cistern  become  empty,  then  ^+?l!izil-5(fL-A>=0, 

»»         n  p 

whence  jp^^^C^Ltl^LZ^^  in  the  former  case, 
{m-hn)p-mn 

and  a.^    mp-2mn    ^^  ^^  j^^^^  ^^^^ 
(m+n)p^mn 
under  the  coinlltion  that  in  both  cases  (m+p)  is  greater  than  mn ;  and  in  the  second 
also  that  j;  is  greater  than  2n. 

8.  1975  men.        9.  If  a;  be  the  number  of  hours,  x^ ^ ; • 

abc  +  cU}a  +  aed-*-bcd 

10.  The  chain  rule  is  applicable  to  questions  of  equivalents,  as  the  comparison  of 
the  standards  of  moneys,  weights,  and  measures  of  different  nations,  and  in  almost 
all  transactions  of  international  commerce  where  equivalents  are  considered. 

Questions  of  this  nature  may  always  be  most  conveniently  solved  by  aid  of  this 
lule. 

For  instance.    If  there  be  three  different  kinds  of  merchandise,  such  that 
a  I  units  of  the  first  kind  is  equivalent  to  6,  of  the  second  kind, 
ftj         ,,         second       „  „         e^     „     third      „ 

Cj  „  third  „  „  a,     „      first        „ 

and  if  i?  be  the  value  of  an  unit  of  a^,  a,  ;  ^  of  6,,  5«  ;  r  of  c^,  e,  ; 
then  afiyeipqr—a^h^e^pqr,  and  therefore  a,6jej=a,5,e,. 
Hence,  if  any  five  of  these  six  quantities  be  given,  the  sixth  may  be  found  by  a 
simple  equation. 

The  number  of  equivalents  may  be  extended  to  4,  5,  or  to  any  number  whatever. 
The  following  example  will  illustrate  the  rule : — 

If  3  pounds  of  tea  be  worth  4  pounds  of  coffee,  and  15  pounds  of  coffee  be  equal 
to  37  poanJs  of  sugar,  how  many  pounds  of  sugar  are  equal  in  value  to  180  pounds 
of  tea. 

Here  31b.  tea=41b.  coffee.  Then  8  x  15  x  a;:=»4  x  37  x  180. 

151b.  coffee-371b.  sugar,  .-.  g^^X  87x180 

*  8X15 

Let  a;Ib.  sugar»  1801b.  tea.  «» 5021b.  sugar. 
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XV. 

I.  Seepages.       2.  See  page  1. 

4.  Here  x-a=i{x-b),  x-a—iipc-e),  as-a=i(as-({).  By  sabetitatiiig  the 
value  of  X,  6+c+rf=J(a+c+4),  5+c+d=i(a+J+<i),  6+c+d=J(a+&+c),  from 
these  equatioDB  the  rektions  may  be  found. 

5     {^■'C)b€P''(c-a)acq     (c  -  o)g  +  (&  -  c)p 
(c  -  a)acgr  -  (a— 6)a^"~(a  -  ft)r  -  (c  -  a)g" 

2(ab-i-ae+be)  1  +  b+e 

XVL 

1.  x=7,  y^B.       %  x^^{,  y=5Jf.        8.  aj«2,  y=l.        4.  a;=10,  y=ll. 

5.  The  equations  are  when  reduced,  x  -  2y=l,  x  -  2y=  —6,    Explain. 

6.  x=5,  y=7.        7.  x=-S,  y=l.        8.  a;=4,  y=l.        9.  «=74J^,  y=8J.4. 
10.  x=J,  y=|.      11.  »=4,  y«16.       12.  «=\V»  y='nj- 

XVII. 

1.  2=12,  y=8.        2.  s=89'812.  .  .,  y»58-542 .  .  •        3.  a;='02,  y=2'9. 

4.  The  reduced  equations  are  '125y=  'dx,  Zx=  -  *25y.     Explain  them. 

5.  aj=4,  y«6.        «.  «=TfeT,  y=H^ 

XVIII. 

1.  aj=26,  y=12.  2.  aj=4,  y=16.  8.  x=i^,  y=5ft' 

4.  aj=9,  y=12.  5.  a5=14,  y=7.  6.  aj=12,  ys=8. 

7.  a;=-26i|,  y=:24«.  8.  a!=-77,  y=-87.  9.  aj=^21A,  y=27/r. 
10.  x=6,  y=J.  11.  »=eO,  y=40.  12.  x^H,  y=-W- 

XIX. 

1.  Incompatible  equations.    From  (1)  10y=:a;,  from  (2)  8a;=74y. 

2.  «-*«,  y=  -*«.  8.  «=  -  4,  y=  -  2. 

4.  aj=21,  y=20.  5.  aj=12A.  y=--2A. 

6.  The  equations  when  reduced  are  02;+ 55y==:828,  49a;-8y»lU. 

7.  «=8i|,  y=18}. 

8.  The  reduced  equations  are  91l«-478y= 1695,  9sB-l()ys8. 

II.  a?=l06,  y=7^.  12.  a5=-«,  y=-2M. 

XX. 

•     ^    5+iiM    .,    a-mb           o    «.    a« +«*+&•    „_  db 
1.   a?= -,   y=— - — -.  A   aj=3 5 — ,   y= -, 

ae-ba        ac^bd  ad+bc  ad-\-be 

o^+ip         off+ftp  26  26 

(6-c)(a-c)    '  ^       (6-c)(c-a)    ' 

8.  The  equations  may  be  reduced  to  ?4.-=il,  and — -»1. 

y    »  y    « 

anag»        ■  ,  y*-T • 
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.2.   a: ^- ,  y ^ 

IS.  x=3a»  y=s-2(. 

11    ^      9a«  +  4d*      .,      »o«  +  46« 

14.  ag=  <^.j^>  y— • 


6(8a(;  +  2M)'  '     6(8a<i-2&c) 
15.   The  eqiiations  when  reduced  become  (a^e)y=ihXf  and  afy={h'  +  c):r.    Ex- 
plain the  meaning  of  them. 

XXL 

1.  The  nmnben  are  0|  and  4|. 

2.  The  numbers  are  88  and  22. 

8.  Let  0!  be  the  digit  in  the  units,  y  in  the  tens  place,  then  10y+x+9^10x-\-y, 
anda;+y»38,  x^l,  y»2. 

4.  The  two  numbers  are  857  and  842. 

5.  The  numbers  required  are  5*678  and  1*234. 

6.  If  0^  yf  denote  the  numbers,  sBa7,  y^ik 

7.  The  parte  are  I45A,  and  62^. 

*^  29  29 

8.  The  fraction  is  f . 

9.  The  fraction  is  4Af. 

10.  If  -  be  the  fraction,  the  equations  -^-1,  £±l..l  flive  »«  -8,  y-  -4. 

y  y+1  y      2^  '  " 

11.  The  fraction  is  |. 

XXIL 

1.  The  sum  is  16  shillings. 

2.  875  members  Toted,  186  for,  190  against  the  motion. 

&  Let  X  denote  the  number  of  men,  y  the  daya^  and  w  the  work. 

Thena,mendo«,inydays,and.Mmandoes^inld.y. 

«ida:+4         „         8  „  ,.  ^^    „ 

al«  8x  .,        Jy-2    ..  „  -^^    „ 

Hence  i^—Jl——!!—. 
xy    8(a;+4)    8aKiy-2) 

From  these  equations  x-*8,  y ^12.  « 

4.  If  2  guineas  be  reoeired,  and  14  moidores  be  given,  the  diflbnnoe  is  £12. 

6.  A*B  yearly  inoome  is  £260,  and  ffa  £520. 

6.  The  price  of  tea  was  58.  and  of  sugar  4d.  per  pound. 

7.  One  dischaiges  8  gallons,  the  other  12  gallons  each  hour. 

XXIIL 

1.  The  equations  axe  x+y^5  (1),  x+z^4  (2),  y-^zmS  (S)« 
First  eliminate  x  between  equations  (1)  and  (2). 

sB+y— 6 

aj+«— 4 

y-«-i  (4). 
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Next  eUminate  x  between  (8)  and  (4), 

y+z»8  (8) 

2z-7 

andy-i8-s-8-}B}, 

alsosaaS— y~6-i«}. 

2.  By  adding  the  first  and  lecond  equationa,  2a;*- 17;  the  first  and  third,  2y  «18 ; 

tho  second  and  third,  22*19. 

8.  Eliminate  x  between  first  and  second  equations,  and  15y— 82*18.     Next 

eliminate  y  between  this  and  the  third  equation,  and  z^i,  ymZ,  x^2, 

A    ^    «00    ,,     -800     ^     -200 
4.   a;* — ,  y* ,   «* , 

11     "^    TT^  11 

6.  x*3,  y*8,  s—12.        6.  x^^,  y*S,  s—4. 

7.  The  first  equation  giyes  sB">4y,  the  second  a; "is,  and  the  third  y=siz.    Ex- 
plain these  results. 

8.  a:=6,  y=6,  «=7.        9.  «=1,  y=2,  z^L 

10.  a!=87f,  y=-56J,  «=26f 

11.  From  these  equations  eliminate  z,  and  the  resulting  equations  are 
5&6-29y->29,  and  83a;-17y«H. 

12.  a;»24,  y*60,  z-120.        18.  sb-9,  y»8,  2-12. 
14.  ««>18,  y-82,  2=10.  15.  a;s2,  y=12,  2=10. 

16.  aj=l,  y«-2,  2=8. 

17.  Invert  the  equations  and  simplify,  and  x»|f,  y=}r,  z^^f-. 

XXIV. 

1.  a«+y=»c(l),  6y+2=a(2),  a+a5=6  (8). 
Eliminate  y  between  (1)  and  (2), 

dbx-^by^bc,  multiplying  (1)  by  6 
by+z  =a  (2) 

.'.  o&r-s  sfte-o  (4)  by  snbtiaction. 
Next  eliminate  z  between  (8)  and  (4), 

ez+x^^b  (8) 
abex-ez^be*  -o^  multiplying  (4)  by  e. 

(abe + l}x'='be*  -ae-\-b,hj  addition. 

a&;+l 

y=»c  -  a«=2Z— T-iiL-Sr, 
ate+1 

oJc+1 
%  s»  «'      y=  «•      ^_(tt+c)(t+c)e-(a+ft-f2c)c* 

26c  2ac  2a6 

5    y^      "g^  -g^         ^_       ahe 

(6-dXc-**         (6+rf)(c-d/         (*-rf)((j-rf)' 

(a  +  6)(c-ay         2a(c-6/         2a(c-6)(6  +  oXc-a> 


41 

^'   *"(a-6)(a-c)'  ^"(a-ftxi-c)'  **(a-c)(6-c)' 

8.  Eliminate  *,  then  g-^'^'  +  ^'^*  -ha'C  -a'fe- 6«c-c«a  ^^^  .j^jj^^i    ^  ^^ 

2^  may  be  found. 

9.  EUminate  ar,  and  «-^!2jr^±r 

10.  Eliminate  «,  and  g,«»-(^+%+r. 

11.  By  adding  the  three  equations  and  dividing  by  a+&+c^  a;+2y=l. 

12.  Kenax+cy-hbzm^ex+by+az,  and  (a-c)a5+(c-6)y+(d— a)a"0. 

caj+6y+a««&B+ay+C8,  and  (c—6)a: +(6- a)y+ (a— c)2"0. 

By  eliminating  y.,=|=^^r^^.a,=.*    Hence  x-y=. 

Butaa;+cy+6s==a«+6»+c»-3a4fl^  ias + ay +«»=»■+ 5* +c*-8afic, 

CK + 6y + aa;=a"  +  6*  +  c«  -  Softc, 

Adding  these  equations  (a+6+c)(x+y+z)=8(a*+6»+c«  -8a^),  and 

j;4.y+a=3(a«+6*+c«-^-ac— &j)=8»,  .*.  a;=a«+J"  +  c*-a5-a<;-ftc=y=«, 

13.  These  equations  may  be  reduced  to 

-  +  -=i,  -+-=^>,  1+-=-.    Then  taking  the  sum  of  the  equations, 
X    y    a    X    z    b    y    »    G 

2  2  2    111 

X  y  z    a    b    c 

2  2      ^2 

SB  y      ""a 


=«. 


.2111    a5+ac-&e 
»    b    c    a          abe 
•          2    111    ab-\-be-ac 
y    a    e    b          abe 
2    111    ab+be-ab 
x'^b    c    a"*       abe 

ab+ac-bc 
2abc 

'^    ab-^-be—ae 

a6+ic-a6 

Similarly 


14.  «=3a,  y=86,  «=8€; 

15.  The  equations  may  be  reduced  to  -^.-s-*  fa.  .a.-,  -+^=--. 

xymy«}»a;     «|» 

16.  Add  the  equations^  and  {a+b-\-c){x-{-y+z)='{a+b+e)*. 

17    x=i-\^    ae    be  )     -.-ajf }  £^    li    2f  J     «=??J^    ff    ??  I 
2  lc«'*'6»"a«  r   '^'"2'(c»'*"a»""j«r         2  I  a«'**6^"c^  i ' 

18.  Eliminating  a^  and  then  from  the  resulting  equations  is  found  the  yalue  of 
,=  {«.'*!+»!£* +,^«!,n^«(|+|+^,  «,d  in  •  dmilar  form  fhe  valne.  of  x  and     ' 

2a&! 

y.     By  adding  the  giren  equations  as + y + s=s      ^'^ 


o6+a6+&e 

19.  a;+y-«=((+e}(a+(+c),y+2-a;=(6+a)(a+(+e), s+a;-ys(a+6}(a  +  &+c), 
and  adding  these  equations  «+y+2=2(a+5+e)*. 

20.  Uereaa;+ftyaeB(a;+y+s),  aaj+cs=Jy(a!+y+«),  5y+ez»a«(a;+y+s). 

Hence  (as+y+s-2)(aa;+6y+e«)=0,  .'.  aj+y+«=2,  ffaj+«y+«==0. 

oi+oc+ftc'         od+oc+ftff*         oS+o?^' 

21.  Dividing  each  equation  by  a^,  there  resultSi 
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0y»  a;y2  osys 

From  which  may  be  fonnd 

^_     (fe-a)*-(c*-lXM-l)  (ftg-a)»~(c«-l)(6«-l) 

(6c-a)(c-a*)--(6-a(5)(6«-l/         (fc-a)(6-ac)-(c«-l)(c-a*)* 

(6c-a)«-(c«-l)(d'-l) 
(Jc-a)(6  -  oc)  -  (c»  -  l)(c-arf) " 

XXV. 

1.  Add  ooTi  ^,  a  to  each  equation  reepectiyely. 

Then  (l+a)a:=a(«+y+a),  (l+6)y=6(aj+y+2),  (l+d^—c{z+y+z\ 
,    1+a  X    a    1+6  y    b    1+a  x    a   _j  „_J  (!+«)«   .^c  (!+«>« 
1+*  y    b    l+c  z    c  .  1+c  z    c  a    1+b  a    1+c 

'         a     1  +  *  ^a     1+c  '  »      a  l+6^o  1+c' 

i_x  y+«    1    .    1     (1+a    c  1+0 
X      a       a    a  1  +  6    a  1+e 
whence  (1 +a){(l +6)<?+ (1 +c)6}=:(l +6)(1 +c). 

Otherwise,  here  l.tLtf  add  1  to  each  side,  and  l±g,^+y+^^  similarlr, 

a      «  a  « 

1  +  6    g+y+g    1+c    x+y+g,     .      g         6         c    _. 

6    "      y     '      c    ■      g      '  •  •  l+a'*"l+6'*'l  +  c"  ' 

2.  From  the  first  two  equations  y-(^llf!!^  ^^(a*-6c)g^     Substitate   these 

c'-o6  c*— 6a 

values  of  »  and  y  in  ar-»+y-*+»-»=0,  and  /*"f"  +,f*""       +-=0, 

(a*  -  6c)g    (6*  -  ocyg    g 


s=0  is  the  resulting  equation. 


a*-6c    6*-ac    c»-a6 
8.  Find  the  yalues  o{x,y,z  from  the  first  three  equations  and  snhstitnte  them  in 
the  fourth. 

4    (wy~^m>    Zr(y^-/g)+(wrtt-w"te^) 
*   "(nr- in')x  ""  /r(/-r)  +  (rna-7nV  • 

6.  Find  the  values  of  x,  y,  z  from  the  three  equations,  and  substitute  those  values 
in  the  third,  and  reduce  the  expression  to  its  simplest  form. 

XXVI. 

1.  If  a^  y,  s  denote  the  numbers,  then  a;»l,  y»8,  gaS. 

2.  Let  «^  y,  g  denote  the  digits  in  the  place  of  hundreds,  tens,  units, 

then  10(te+10y+aj  is  the  number,    x-y^y-z,  15^±1??^±?=107, 

•c+y 

100g+10y+x-896=100a!+10y+g. 

8.  The  number  is  198.      4.  The  number  is  126. 

6.  z=(p+l)ii,  g=3(j'+l)fi,  y^ijpq-iya.      6.  The  parts  aie  4,  8,  8,  12. 

7.  Let  St,  y,  g,  u,  the  four  parts  x— 2,  y=4,  gs7,  i«a9. 

XXVIL 

1.  ^  has  £55;  B,  £65 ;  C,  £85. 

2.  Let  X,  y,  g  denote  the  guineas,  half-sovereigns,  and  half-orownB  lespeetivelyt 

thenx+y+g«200,  ^=j.  W'T'    *"^'  ^''^'  '■^' 

8.  The  date  is  1751. 
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4.  8  shillingB,  8  half-crownSi  and  9  aizpences. 

5.  The  problem  gives  i.=a-  +i  ^i.,  and  therefore 

Bat-i+^  is  greater  than  2.    .-.  ^i"*'^+^  is  greater  than  9. 
Andif*i±fa±*!=9,    thenjj+*J=2,  andji'_?»p=0.*c    .•.<,=<,=«, 


7.  Here  ^y^,  effect  m  in  a  units  of  time,.'.-  in  an  nnit  of  time. 

a 

>f        C^  ■«»  19  <^  »t  —  l»        ' 

C 

.-.  ^,  S,  ^together  do  ^  i  -+-+-  {  in  an  unit  of  time. 

2  (a    (    6  1 

Let  A,  B,  C7  together  effect  m  in  a;  units,  they  do  -  in  one  unit» 

X 

.  w    mil    1    1 )     .^ J  ^         2aic 

Next  suppose  il  does  m  in  a;  units,  Biny,  and  0  in  s^ 

then  J,  B,Cdo^,  ^  5  respectively  in  an  unit 

X     y     X 

Tnen  -+_=-_,  _+-=s^,  _+—-=-, 

SB^OyS        0999        c 

.^,111111111 
xyayzbxze 

wnenceflg=     ■     — -,  y=-r — r >   »= r — =-. 

ae+bc-ab         db+oe-ae         ac+ab-be 

8.  Suppose  A  completes  the  work  in  x  days,  Biny  days,  and  C  in  2  day% 

Then  -+_==-,  -+-=-,  -+-=£, 
y«a9SB2ya;y« 

and?+l+l=2±i,   .-.  ^  = 1'? .    Similarly  JL= "^ , 

X    y    z       X  i»+l    xy+xz-^yz  n+1    xy+xs+yz 

and  JL=._3!_    .».     ^     .     ^     .     1    _ay-<-a»+yg-| 
p-i-l^xy+xz+yz*  '  *w+l    »+l    p+1    xy+xz-^yz 

XXVIIL 
1.  This  may  most  readHy  be  effected  by  the  method  of  indeterminate  multipliers. 

8.  By  eliminating  «  firom  the  first  and  second  equations,  ^"^      '^=^, 

and  z  between  the  second  and  third  equations,  /*^    ^  =^. 

Next  eliminate  »  and  y  from  these  two  equations^ 

and  fl»i-^gi^»i-<*igi^  from  this  may  be  deduced; 
oc,— ajfti-     a,*— *c 

6.  See  Art  4,  p.  11. 

7.  First  eliminate  x  between  the  first  and  second  equations,  and  between  the 
second  and  third ;  next  eliminate  y  between  the  resulting  equations,  and  the  value 
of  s  is  determined :  then  find  the  values  of  x  and  y.    Having  found  the  values  o 
x,y,»,  tbsn  a*x+b*y+e*z  may  be  readily  shewn  equal  to  (a*x+b*y+e^zy. 
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4.  From  the  firat  and  second  eqnatioii,  y^^^LJj^: 

6+1 

from  the  aeoond  and  third  «-l^±l^=-{i±l}?: 

c+1         e+l 

from  the  third  and  fourth,  um^ltl>^)^J)^. 

d+1       d+1 
Sabstitnte  in  the  first  equation, 

.-.  (g+lte    (a+pg    («+l)a»  «d  J_4.J_+J • 

6+1  +  c+1  +  d+1     *"'  "*  in+7+i+5+I-S7I' 

O'Jierwite,  nnca  y+z+u^ax,  add  a;  to  e«eh  side,  then  x+y+z+u={l+a)», 

-^nd    — — J — -— — ;    similarly  for  the  rest  of  the  eqnations:  then  takine 

x-^y-hz+u    1+a  -X  »  o 

the  sum,  there  results  -i-  4._L.  +_L- j._l_=«l. 

6.  By  successiye  substitutions  of  y,  z,  u,  in  terms  of  o^  it  will  be  found  that  «»<. 

7.  See  pp.  1,  2. 

XXX. 

See  the  two  examples  solved  in  the  note,  page  18. 

The  general  yalues  of  z  and  y  in  terms  of  a  third  unknown  quantity,  p,  are  here 
given,  from  which  the  numerical  values  of  x  and  y  can  be  found. 

1.  a;= 8jp— 2,  y=2p-l.    Here p  must  not  be  less  than  unity. 

2.  xm^6p-2,  y-7p-8.  8.  a;*10p+G,  y»8p-19. 
4.  a;-117p+6e,  y»19p+9.  6.  a;»19p-2,  y»17p-4. 
6.  a;=17j?+12,  y-18j9+6.         -7.  a;-7^-l,  y«22-18jp. 

8.  a!-28~18p,  y=92>— 4.  9.  z-i84-18;»,  v-illp+2. 
10.  a;=228-18p,  y-i9p~4.         11.  2;>-92-7p,  y-Tp  +  l. 
12.  x-5jp,  y-i20-lljp.               18.  a;«48p+4,  y«i6-80p. 
14.  a;-21-17p,  y-lli>+l.        15.  y-84-lljp,  aj-lli>-6. 

16.  a;«17jp+5,  ^-6-28;?.  17.  x-i7000,   y=6000  is  one  solution  of  the 

equation.    Any  number  can  readily  be  found  when  one  is  known. 

XXXI. 

1.  &c+7y+17«»10O,  then  &t+7y=100-172.  In  order  that  100  -  17s  may  be 
positive,  z  must  not  be  greater  than  5. 

If  2  be  taken  equal  to  1,  2,  8,  4,  5,  then  will  arise  the  following  five  different 
equations:  82;+7y«88,  8a:  +  7y=66,  82;+7y=»49,  &B+7y»82,  8aj+7y=15. 
And  from  these  equations  the  values  of  x  and  y  may  be  determined. 

2.  8x-4y+7s»190,  (te'4y»190-7s.  In  order  that  190  -  7s  may  be  a  positive 
integer,  z  must  be  an  even  number  less  than  27.  And  by  substituting  for  z,  1,  2,  8, 
4to. ,  there  wiU  be  found  18  values  of  190  -  7s>  to  each  of  which  Hx  -  4y  may  be  made 
eqiiaL    Each  of  these  equations  will  give  an  unlimited  number  of  solutions. 

XXXII. 

1.  sf  2y-f8s=20,  40+5y+6s»47. 

By  eliminating  x,  y+2z=ll,  and  y=ll— 22. 

It  is  obvious  that  z  must  not  be  greater  than  5. 

When  ss  1,        2, 

then   y=ll  — 2«=  9,        7, 

and     a;»20— 2y+8s»-l,        0, 
Ilenoe  the  equations  admit  of  only  three  solutions  in  positive  integers 


». 

4. 

5. 

fi, 

8. 

1. 

1. 

2, 

8. 
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2.  <te+7y+is»=122,  ll«+8y-6a«146. 

Elimintttes,  40a;+87y»666, 

from  which  y=8  -  4()p,  aB=87p+9. 

Here  p  most  not  be  greater  nor  less  than  0, 

and  a;s=9y  ys=8, 2=8,  or  the  equations  admit  of  only  one  lolntion  in  poeitiye  integers. 

3  and  4  require  no  remarks. 

XXXllI. 

1.  Let  X  be  the  number,  then  flli,  ^^,  ^  are  integers. 

6  4       8 

If  -^p,  then  x=Spi  substitnte  this  in  ^^i  then  ^~     is  an  integer,  also 
8  0  0 

'^       is  an  integer,  but  ^  is  an  int^er,  .  *.  ^Z^  is  an  integer.    Let  ^^=9, 
5  6  6  6 

then  p=:5g+2.    Hence  x»8(5g+2).    Substitute  this  value  of  x  in   ,  then 

I  »y+c-l  ^^  lo^^+p  .^  ^^  integer,  . *.  ^       is  an  integer,  but  -i  is  an  integer, 

4  V  V  V 

.-.  inl  is  an  integer.    Let  i^=r,  .*.  g=4r+l,  .*.  «-15^+6=16(4r+l)  +  6- 
4  4 

60r+21,  and  in  order  that  x  may  be  a  positiTe  integer,  r  may  be  0,  1,  2,  &o.    And 

tlio  least  value  of  a;  ■■21.    The  number  of  solutions  is  unlimited. 

2.  The  number  is  176. 

8.  The  least  number  is  104,  and  the  number  of  solutions  is  unlimited. 

4.  If  a;  denote  the  number  required,  then   ?Ll1,  !LiJ:.  £lLr,  fZr,  ^Zl     are 

^  6  6    '     4    '     8    '      2 

integers ;  the  least  value  of  x  may  be  obtained  by  the  same  process  as  above  in  the 

lint  example,  and  ivill  be  found  to  be  69. 

6.  Let  X,  y  be  the  two  numbers^  then  x+y  *196, 

also  ^Lzl  and  Sz2  are  integers.     Let  ^^ao,.  and  ILzl^q, 
7  7  7  6 

thena;-7p+6andys6^+l, .«.  «+y-7p+6  +  6g+l=196, 
and  7i»+69»190,  which  admits  of  6  solutions  in  positive  integers. 
««  40,    76,    110,     146,     180. 
y-168,  121,      86,      61,      16. 
8.  Letawsip,  b^mq,  then  the  equation  ax±hy=±e  becomes  mpx±niqy^±e^ 

and  px±qffim±l^  but  m  is  not  a  divisor  of  «^  .*.  —  is  an  irreducible  fraction, 
m  m 

XXXIV. 

1.  Let  6x,  8y  be  the  numbers,  then  6a!+8ys78. 

2.  One  part  is  406,  and  the  other  694. 

3.  If  SB  be  the  digit  in  the  place  of  tens,  y  in  that  of  modts,  then  10ep+y«6x+ 88, 
aud  there  are  nine  solutiuns. 

6.  If  2^  y  denote  the  numerators  of  the  fractions,  then 

6^9^46'  6    9    46 

7.  If  fls^  y  be  the  multiples,  866«  -  462y=3m  any  number  assignable  at  plessure. 

XXXV. 

1.  If  there  be  x  weights  of  91b.  each,  and  y  of  141b.  each,  then  9a;+14y=2240. 

2.  If  a;  denote  the  number  of  half-guineas,  and  y  the  half-crowns, 


46 

then  _+^''40O,  and  x=6p,  ff=190-Hp,  turn  wbieb.  it  •pp«an  p  most  not 

exceed  7. 

3.  In  1999  different  ways. 

4.  The  least  number  required  is  2  one-ponnd  notes  and  4  seyen-shilling  pieces. 

5.  Here  25  francs  are  equal  to  20  shillings,  .  *.  1  shilling  is  equal  to  -T  or  ~ 

20        4 

of  one  franc,  and  .  *.  28  shillings  is  equiralent  to  85  francs. 

Let  X  denote  the  sovereigns,  y  the  Napoleons,  then  25a;— 20y=85,  and  a;=4p+3, 
y=6p+2,  p  must  not  be  less  than  0,  then  a;=8,  y=2,  are  the  leaat  values  of  x  and 
y.    The  number  of  solutions  is  unlimited. 

6.  It  mil  be  found  that  £18  6s.  is  the  double  of  £6  18s. 

7.  Let  X  half-crowns  and  y  shiUinga   be   required   to   pay  the   debt,  then 

Ex 

rz+^=rl9i,  or  52;+2y=89,  whence  x=5p+2,  p  not  less  than  1,  and  y=^7-2p, 

p  not  greater  than  8. 

8.  HereJeiOOstockin  8  per  cents.  a£64  sterling,  .-.£1  stocks —s=£^  sterling, 

100      25 

and  £100  stock  in  4  per  cents.  =£84  sterling, .  *.  £1  stock= — =£^  sterling.    Let  x 

100       25 

denote  the  stock  in  the  8  per  cents.,  and  y  that  inth64per  cents.,  then  — + — ^=8480, 

26      25 

■ 

from  which  x=i6iiB-21p,p  not  greater  than  259,  y=l6p-S,  p  not  less  than  1. 
Hence  there  are  259  solutions,  the  least  is  when  j?=l. 

9.  The  interest  of  £1  in  4  per  cents,  is  £^=- Jl  ,  the  interest  of  £1  in  the  5  per 

^  99    24  ^ 

cents  is  £ — -&= — .    Let  x  pounds  be  invested  in  the  4  per  cents.,  and  y  in  the 
105    21 

5  per  cents.    Then  ^+^=4|,  and  7a;+8ys756,  which  gives  18  different  solu- 

24    21 

tions. 

■ 

XXXVL 

1.  The  prime  Udxm  of  80  are  2,  8,  6.    Let  a^  y,  s  be  tliie  respective  niunentors, 

then  ?+!+*    P,  and  15aj+10y+6»=58. 
2    8    5    80 

2.  Let  0^  y, «  be  the  respective  numerators  of  the  fraotions  whose  denominators  are 

«,  9, 18.     Then  ^4-^^±^^  and  ^^lLJy^±,    Then  8aj+?|f+»=48,  and 

6    9^18    8  6    9    9    18 

3a;  -  4y +2=0,  . '.  y=S,  and  z=82  -  8a%    In  order  that  z  be  positive,  x  must  not  be 

greater  than  10,  nor  leas  than  1. 

6.  Suppose  x  months  of  28  days,  y  of  80,  and  z  of  81,  then  «+y+2=12,  and 
28a!+80y  +  812^=865,  if  the  year  be  not  leap  year. 

7.  Let  v,x,y,z,  denote  the  value  of  a  ruby,  sapphire,  pearl,  and  diamond  respec- 
tively. The  result  is  2=96y=6a;=4v,  and  the  problem  is  indeterminate.  If  the 
value  of  any  one  be  assigned,  the  values  of  each  of  the  rest  can  be  determined. 

8.  Let «,  X,  sf,  z  denote  respectively  the  price  of  a  horsey  camel,  mule,  and  ox. 
Then5*+2a!+8y  +  7a=8v+72+2y+«=»6«+4aj+y+2a!=8t;+ap+8y+«. 

Suppose  the  property  of  each  denoted  by  p,  the  values  of  v,  x,  y,  z  can  be  found 
in  terms  of  p,  which  being  unassigned,  the  problem  is  indeterminate.  The  least 
values  of  V,  se^  y,  saie  85,  76,  81,  4 respectively. 
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OUADBATIO  EQUATIONS.  "     '^ 

Art.  1.  A  quadratic  equation,  or  an  equation  of  the  second  degree^ 
is  one  which  involves  the  second  power  of  the  unknown  quantity,  witb- 
or  without  the  first  power  of  that  quantity.  Eveiy  equation  of  the- 
^  second  degree  involving  only  one  unknown  quantity  can  be  reduced 
to  one  of  the  formS;  ax^+hx+e  =  0,  tf«*+Jar  =  0,  or  aa^+e==0,  in  which 
a,  h,  e  may  be  positive  or  negative. 

If  the  equation  be  reducible  to  the  form  as^^e^Oy  then  <u^  =  e, 

and  «*  s  -,  and  the  value  of  the  imknown  quantity  is  found  by  es- 
a 

tracting  the  square  root  of  the  terms  on  each  side  of  the  equation. 
Taking  the  square  root  of  «?•  =  -, .'.  a?=«  ±  "{  -  >  ,  the  values  of  x 

being  +-1^1    and  —  "I  -  f  >  since  the  square  of  the  same  positive 

and  negative  quantity  always  produces  the  same  positive  quantity.* 
If  the  equation,  when  reduced,  assume  the  form  of-^hx  =  0,  or 

ar(a?+i)  =  0,  the  values  of  x  are  »  «  0  and  x  =  —5. 

If  the  reduced  equation  involve  both  the  first  and  second  powers 

of  the  unknown    quantity,  as  0a^+^^+^  =  O;  when  each  term  is 

divided  by  a,  it  becomes  o?-^ — (—  =  09  and  putting  2>  and  j'for.  and 

-  respectively,  the  equation  becomes  «*+^a?+5'  =  0,  or  y^-^-fx  =  — ^. 

The  expression  3^±Lpx  may  constitute  the  first  two  terms  of  the 
square  of  a  binomial  quantity  x±.a,  whose  square  is  ^±2<KP+a^  And 
it  is  obvious  that  four  times  the  product  of  the  first  and  third  terms  of 
this  expression  is  equal  to  the  square  of  the  second. 

Hence  if  m  be  such  a  number  as  when  added  to  3?±.fXy  the  ex- 
pression :?±_fx-\-m  becomes  a  complete  square ;  then  4ma^  =  ^V,  and 

«>ss€.=  \^\  ;  or,  the  quantity  to  be  added  to  Qt?±.fx  to  make  it  a 

*  As  the  square  root  of  cveiy  qnantitj  is  both  positive  and  negative,  tlie  siga 
Ht  equally  marks  both  the  left  and  right  sides  of  an  equation,  when  the  square  root 
is  either  extracted  or  expressed. 

When  the  square  root  of  a;'=f  or  $6* =5  (putting  (  for  £  to  simplify  the  ex* 

u  a 

prenion),  the  equation  assumes  the  form  ±x=±&^  which  gives  four  equalities : 

.  Of  these  the  first  and  fourth  are  obviously  the  same,  as  also  the  second  and  tliird. 
Hence  x=±l^  includes  the  four  expressions,  and  it  will  be  sufficient  to  mark  only 
cme  side  of  the  equation  with  the  double  sign  ±. 


complete  square,  is  the  square  of  half  the  coefiB.cient  of  the  first  power 
of  the  unknown  quantity,  and  ^±jp^-)~  —  ^  &  complete  square. 

By  means  of  this  property  a  complete  quadratic  equation  can  be 
reduced  to  a  simple  equatioui  and  the  values  of  the  unknown  quantity 
determined. 

2.  To  solve  ifid  quadratic  equation  ^+pz+q  =  0,  or  to  fold  the  vahtes 
of  X  which  satisfy  the  equation. 

Taking  the  form  a^+px+q  =  0,  and  transposing  q  to  the  other  side 
of  the  equation,  a^+px=^q,  then  adding  the  square  of  half  the 
coefficient  of  a;  to  each  side  of  the  equation,  in  order  to  make  the  left 

side  a  complete  square,  it  becomes  a7'+|?a?+£.  =  ?-— g'=£-Il^, 

extracting  the  square  root  of  each  side,  ^ 

^+g=  ±(P'-^?)',  and  x=  -P±(P*-4i)\ 
2  2'  2  ' 

...  ;.  =  -P±i<^-Js)\  and  X  =  -P=i.f=.if)^ 

are  the  two  values  of  the  unknown  quantity  of  the  equation 

ix^+px+q  =  0. 
In  the  same  manner,  if  x^+px^q  :^  0  be  the  form  of  the  equation, 

then  x==:liJy+M\* 

2 

Jip^+iq  be  a  complete  square,  then  {p*+4qy  is  an  integer,  and 
the  two  values  of  x  are  positive  or  negative  integers  or  fractions. 

If  p^+4q  be  not  a  complete  square,  then  (p*+ 4qy  is  a  surd  number, 
and  the  values  of  x  can  only  be  approximately  determined  by 
extracting  the  square  root  of  p^+4q  to  any  number  of  decimal  places 
required. 

When  the  quadratic  equation  is  of  the  form 

x'+px+q  =  0,  or  =  z£±L?!ll!£l . 

If  p^—iq  =  0,  then  p^  =  4^,  and  the  two  roots  of  the  quadratic 
equation  are  equal. 

If  p'  be  ^eater  than  4^,  and  if  p^^iq  be  a  complete  square,  then 
the  two  roots  of  the  equation  are  rational ;  if  p^^-^q  be  not  a  complete 
square  the  two  roots  are  irrational. 


*  Solve  the  quadratic  equation  x^  -  12a;=13,  and  verify  the  correctness  of  the 

Talaesof  x.    Here  x^  -  12x=lZ.    Complete  the  sqaare  by  adding  to  each  side  of 

the  equation  the  sqaare  of  half  the  coefficient  of  x,  then  «*  -12a;+ 36=18 +  36=40. 

£xtracting  the  sqaare  root  of  each  side  of  the  eqaation,  x—Q=^±7,  x^ii±7,  or 

^sl3and— 1. 

Ycrification :  when  aj-13,  «•  -  12aj=(18)»  - 12  x  13=169  - 166=13. 
Whena:=-1,  (-l)«-12x -1=1+12=-13. 
And  both  valaes  of  x  satisfy  the  proposed  eqaation. 


3 

But  i£p^  be  less  than  4q,  i?*—  4^  is  a  negative  quantity,  the  square 
root  of  which  is  impossible,  and  both  the  roots  of  the  equation  are 
impossible. 

8.  The  quadratic  equation  a:i^+hx+e'oO  may  he  eolved  without 
reducing  the  coefficient  o/a^to  unity. 

Transposing  c,  the  equation   is   as^+hx^m-^e,  then  multiplying 
each  side  by  four  times  the  coefficient  of  a^f  the  equation  becomes 
4aV+4tfJ4;=  ^4ae,  or  (2a»)'+26(2aa?)  «  -iac. 

Next  adding  h\  the  square  of  the  coefficient  of  x,  to  each  side,  then 
(2axy+2h(2ax)+h'^^h^-^iac,  the  left  side  of  which  is  a  complete 
square. 

Extracting  the  square  root  of  each  side,  2cus+b  »•  +  (3'—  iacy, 

and  .-.  :.-=i±iJ=i£f)!. 

The  equation  ax^+hx+c^  0  may  also  be  solved  by  multiplying  both 
sides  of  the  equation  by  the  coefficient  of  s^^  then  «V-|-a^;r»  -^ae 
or  {axy+h{ax) «  —aCj  in  which  the  unknown  quantity  x  is  changed 
into  ax,  a  multiple  of  that  quantity. 

Next  add  to  each  side  the  square  of  half  the  coefficient  of  ax,  then 

(axy+h{ax)+-  =  — ZL-?f,  and  extracting  the  square  root, 

then  «;+*=  ±(*!=^.  and  .-.  ^=  ->±(*'-4..)»  , 
2  2'  20 

4.  It  may  be  remarked,  that  when  the  second  power  of  the  un- 
known quantity  is  affected  with  a  coefficient^  this  method  of  solution 
will  be  found  the  most  convenient  in  practice. 

*  Solve  the  equation  ISx*  +  7a; » 860.    Multiply  each  side  by  4  times  the  co- 
efficient of  X*,  then  676a;*  +86ia;a  18720.    Add  to  each  side  the  square  of  7,  and 
676a;*  +  864a; + 49  » 18720  +  49  -^  18769.    Extracting  the  square  root, 
26a; + 7  -  ±137,  and  26x  -  -  7±  187  - 180  and  - 144, 

.•.  a;— 5  and  ■^^4-« 
18 

Verification : 

When  x-6,18a;*  +  7a;=13x6« +  7x6-325+85-860, 

13  (    18    )  13        18       13      18 

Here  both  values  of  x  satisfy  the  equation. 

Solve  the  equation  7a;*  ~  4a;— 8,  and  verify  the  correctness  of  the  values  of  a 
Multiply  each  side  of  the  equation  by  7,  then  (7a;)*  —  4(7a;)— 21. 
Next  complete  the  square,  (7aj)*  -4(7x)  +  4-21  +  4-25. 
Extract  the  square  rooty  7a;-2B±5,  aud7x— 2±5— 7  and  -8, 

•  *.  as— 1  and  ^« 

7 

Verification : 

When«-1,  then7x*-.4a;-7xl*-4xl-7-4-8, 

Both  values  of  x  satisfy  the  proposed  equation. 


In  the  solution  of  equations  of  the  second  degree,  certain  anomalies 
arise,  besides  those  which  occur  in  the  solution  of  equations  of  the  first 
degree.  It  is  possible  that  either  one  or  both  of  the  values  of  the 
unknown  quantity  obtained  do  not  satisfy  the  proposed  equation. 
This  anomaly  arises  when  a  term  in  the  proposed  equation  containing 
the  utiknown  quantify  is  affected  by  the  square  root. 

Every  quantity  has  two  equal  square  roots,  one  positive  and  the 
other  negative,  and  if  an  expression  of  the  form  +(wwr4-n)*  occur  in 
an  equation,  the  square  of  this  quantity  is  m:t;+M,  the  same  as  the 
square  of  — (tnx+n)K 

Any  proposed  equation  involving  this  expression,  when  reduced 
may  be  px+q  =  +(«»a;+n)*  ovpx+q  =  — («fa:+»)*,  and  when  each  side 
of  these  equations  is  squared,  they  assume  the  same  form 

(px+qY  =  fnx+n  in  both  cases. 

Here  ah  ambiguity  is  introduced  in  the  course  of  the  solution,  and 
in  the  equations  so  reduced  the  distinction  does  not  appear  which 
existed  in  the  proposed  equations. 

Hence  it  follows  that  a  new  condition  is  introduced,  which  will  be 
manifest  in  the  result,  so  that  one  or  both  values  of  the  unknown 
quantity  obtained  may  not  satisfy  the  proposed  equation.  The  roots 
80  introduced  are  called  roots  of  solution,  as  distinguished  from  the 
proper  roots  which  always  satisfy  the  equation.* 

5.  A  quadraiie  eqtiaiion  cannot  have  more  than  two  valuer  of  the  un-^ 
hiown  quantity. 

Let  <i,  h  be  the  values  of  x  in  the  equation  a7'+|7a?+^  =  0,  and,  if 

possible,  let  c  be  a  third  value  of  x. 

-  ■ 

*  Solve  the  equation  2a?+(7a5+ll)i=9. 

Hero  (7aj  +  ll)>=9-2aj  by  transposing  2x,  next  7a;+ll=81-86a:+4.r^  by 
squaring  each  side  of  the  equation,  and  ix^  -  iZx=  -  70  by  transpositiou. 

Multiply  each  side  by  4,  and  {ix)^  -  4Z(ix)=  —280. 

Complete  the  square  on  the  left  side  by  adding  to  each  side  the  square  of  half  the 
coefficient  of  the  tot  power  of  the  unknown  quantity, 

.-.  (4a:)«-48(4a;)  +  l^=l?i?- 280=1??, 

4  4  4 

cxtmcling  the  square  root,  and  ix  - 1?= *_??,  4a;=*^^i?=85  and  8, 

•*.  «s_and2. 

If  these  two  values  of  x  satisfy  the  proposed  equation,  they  are  the  proper  roots 
of  the  equation. 

L.t  «=^.th.n2»+(r«+n).=|+  j  ?J5+u  j  Lfn-  j  ?|?  j  '-f  4=20. 

OK 

which  ought  to  be  9,  and  «=^  does  not  satisfy  the  equation,  and  is  a  root  of 
solution. 

Let  a:=2,  then  2a:+(7aj+ll)»«4  +  (14  +  ll)>=4  +  (26)t=.4  +  5=9. 

Hence  a;s2  does  satisfy  the  proposed  equation,  and  is  a  true  root  of  it. 


and  (a«-6«) +!?(«- J)  =  0,  (**"  <>«)  +/?(*-<?)  =  0, 
. .  a+h+p  =  0,  and  h+c-^p'^O, 
whence  a— <?  =  0,  or  a  =  <?. 
Therefore  a  quadratic  equation  cannot  have  more  than  two  values 
of  the  unknown  quantity. 

6.  To  find  the  relation  between  the  roots  and  the  coefflciente  of  a  quadratic 
equation. 

Let  a,  h  be  the  roots  of  the  equation  ^^-^-px-^-q^Q,  ^eo^ho^  a 
and  h^  when  substituted  respectively  for  x^  satisfies  the  equation, 

.-.  a'+^a4-^  =  0,  and  J'+|'^+5'  =  0. 
Then  (a'— J*)  +i?(a--5)  =  0,  by  subtractioui  and  dividing  by  a— 3,  — 

.-.  (a+J)+i>  =  0,  andj>  =  — {<i+J). 
Next  substituting  this  value  of  p  in  either  of  the  preceding  equa- 
tions, <^-Ypa+q  =  %  or  ^+/?i+3'»0,  and  «'— (a+J)fl+5'  =  0,  or  q^ah. 
These  results,  p  =  -^{a+h)  and  q  —  ah  indicate,  that  the  coefficient  of 
the  second  term  of  the  equation  a^+px+q  =  0,  is  equal  to  the  sum  of 
the  roots  with  contrary  signs,  and  the  third  term  q  is  the  product 
of  the  roots  with  contrary  signs. 

This  property  may  be  otherwise  shewn  by  means  of  an  identity. 
For  a,  b  are  the  roots  of  the  equation  3^+px+q  =  0, 

then  x  =  a  and  x  =  b;  x— a  =  0,  and  x-b^^Of 
.*.  (a?— fl)(ir— 5)  =  0,  or  a^—{a+b)x+ab  =  0, 
which  is  an  equation  identiccd  to  x^+px+q  =  0. 
Hence  p  -  — (a+ J)  and  q  =  ab. 

It  also  appears  that  when  the  roots  of  a  quadratic  equation  are 
given  the  equation  can  be  formed. 

7.  If  one  of  the  three  roots  of  a  cubic  equation  can  be  discovered  by 
inspection,  or  be  found  by  any  process,  the  other  two  roots  can  always 
be  determinod  by  a  quadratic  equation. 

The  solution  of  all  equations  of  the  fourth  degree  of  the  form 
a^+q^+r=0,  and  other  equations  that  can  be  reduced  to  that  form, 
can  be  effected  by  means  of  quadratic  equations. 

And  in  general,  any  equation  in  which  the  unknown  quantify 
appears  in  two  terms  having  the  index  of  one,  double  the  index  of  the 
other,  can  be  reduced  to  the  form  of  a  quadratic  equation,  and  the 
complete  solution  effected  by  a  further  operation  of  involution  or 
evolution. 

If  the  given  equation  when  reduced  be  of  the  form  a^—pa^+q  =  0, 
in  which  n  is  any  number  integral  or  fractional.    If  s^-y,  then  by 
substitution,    the  equation    becomes    y'— fy+j'-O,   from  which  is 
determined  y  =  HP=t(P*""^S')*}>  *^^  restoring  «*  the  value  of  y, 
*"  =  i{^±(i''— ^j')*},  and  extracting  the  nth  root  of  this  equation, 

*={i[l'±(l^-4?)»]}-. 
This  method  is  also  applicable  for  the  solution  of  equations  which 
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may  be  reduced  to  the  form  («*"+i'jf*+j')**— j?'(jr*+jpj;"+y)'+j'  — 0. 
For  let  or*'" +l'^+j^  =  y)  then  by  substitution  the  equation  is  reduced 

In  cjuadratic  equations  involving  two  unknown  quantities,  when 
the  equations  are  homogeneous,  their  solution  may  be  facilitated  by 
assuming  one  of  the  unknown  quantities  to  be  some  unknown  mul- 
tiple of  the  other. 

8.  To  solve  the  homogeneous  equations  of  the  second  degree, 

involving  two  unknown  quantities. 

Let  g-vXf  v  being  some  unknown  quantity,  substituting  this 
value  of  y  in  the  given  equations,  they  hocome  x*{ai+htV+cy)  =  djj 
a^{ai+biV+c^v')  =  c^    Dividing  the  former  by  the  latter, 

ai+hiV+cy  _di 
a^+hiV+c^v^    d^* 
whence  (<j,rf,— ^,(;?|)t?'+(ii<?,— ^,(?,)p  =  rt*c^i— fficfj,  a  quadratic  equation, 
from  which  v  can  be  found ;  and  by  substituting  this  value  of  v  in 
either  of  the  given  equations,  the  value  of  x  is  determined ;  also 
from  g  »  vx,  the  value  of  g  is  also  known. 

In  a  similar  manner,  if  there  be  given  three  homogeneous  equa- 
tions involving  three  unknown  quantities,  x,  y,  Zy  the  solution  in 
general  may  be  simplified  by  assuming  g  =  ux  and  z  =  vx,  where  n 
and  V  are  unknown  quantities. 

If  these  assumptions  for  g  and  z  be  substituted  in  the  proposed 
equations,  x  may  be  eliminated,  and  the  two  resulting  equations  will 
involve  u  and  v  only,  from  which  u  and  v  can  be  found. 

When,  however,  the  equations  are  not  homogeneous,  the  solution 
must  be  effected  by  considering  the  relation  of  the  unknown  quantities 
in  the  equations,  and  noting  what  operations  are  possible.  Then  by 
eliminating  such  unknown  quantities  in  order  as  are  least  involved  in 
the  equations,  the  proposed  equations  may  be  reduced  to  an  equation 
involving  only  one  unknown  quantity.  And  when  this  quantity  is 
found,  its  value  can  be  substituted  in  any  of  the  given  or  derived 
equations,  and  the  remaining  unknown  quantities  determined. 

Sometimes  the  solution  of  equations  involving  two  unknown 
quantities  may  be  rendered  more  easy  by  assuming  x-^^g  and  x--g 
instead  of  x  and  g  for  the  unknown  quantities. 

Also  when  an  equation  involves  the  sum,  the  product,  the  sum  of 
the  squares,  cubes,  &o.,  of  the  unknown  quantities,  the  solution  may 
become  less  operose  by  assuming  x+g-p  and  xg  =  qt  and  finding 
^+yS  ^+y'>  &o.,  in  terms  of  |;,  q,  and  making  these  substitutions  in 
the  proposed  equations. 

With  respect  to  indeterminate  equations  of  the  second  degree,  no 
general  rules  can  be  prescribed  for  their  solution.  A  few  of  the  more 
simple  indeterminate  equations  involving  one,  two,  and  three  un- 
known quantities  have  been  added  to  this  section. 


9.  In  the  solution  of  problems  involving  quadratic  equations,  since 
every  quadratic  equation,  in  general,  admits  of  two  values  of  the  un- 
known quantity,  which  may  be  both  positive  or  both  negative,  or  one 
positive  and  the  other  negative  ;  it  is  necessary,  when  the  values  are 
possible,  to  consider  their  meanings. 

When  both  the  values  of  the  unknown  quantity  are  positive,  it  will 
be  found  that  these  positive  values  give  two  solutions  of  the  problem. 
If  both  be  negative,  neither  gives  a  direct  solution  of  the  problem. 
When  the  values  of  the  unknown  quantity  are,  one  positive  and 
the  other  negative,  it  will  be  found  that  the  positive  value  fulfils  the 
direct  conditions  of  the  problem;  and  that  the  negative  value  will 
answer  the  conditions  of  the  problem  where  one  or  more  of  the  con- 
ditions are  made  the  contrary  of  what  they  were  in  the  proposed 
problem.  This,  with  other  anomalies,  arises  from  the  fact  that  the 
algebraical  expression  of  an  equation  is  more  general  than  the  verbal 
enunciation  of  the  problem,  and  it  may  include  other  conditions  than 
those  expressed  in  the  proposed  problem.* 

*  By  telling  an  article  for  a  poands,  as  mach  per  cent,  ia  lost  as  the  article  cost; 
what  was  the  prime  cost  of  the  article  ?  Solve  the  qacstion  when  the  article  was 
flold  for  £24,  £25,  £26  respectively. 

Let  X  pounds  denote  the  prime  cost  of  the  article,  then  x-a  Ib  the  loss  on  the 
aale  of  it.    Bat  x  is  the  loss  on  £100, 

.-.  JL  18  the  loss  on  £1,  and  —  is  the  loss  on  x  ponnds,  the  prime  cost, 
100  '100  L  -n         r 

.•.  £l  -aj-a,  and  ««  -  lOOx-  - lOOo,  from  which  a;-50±10(25-a)». 

If  a -£24,  then  a;* 50 ±10,  or  a;=£60  and  £40,  two  positive  values  of  x,  which 
indicate  two  solutions  of  the  problem.    If  a  ■> £25,  then  x = 50. 

If  a«£26,  then  a;«50±10^  -1,  and  the  problem  is  impossible. 

A  person  bays  a  certain  number  of  oxen  for  £80,  and  finds  that  if  he  had  bought 
four  more  for  the  same  money,  they  would  have  cost  one  iwund  a-piece  less ;  how 

many  did  he  buy  ? 

80 
Let  X  denote  the  number  of  oxen  bought  for  £80,  then  ~  is  the  price  of  one  ox. 

X 

80 
If  4  more,  or  as  +  4  were  bought  for  the  same  money,  then  — ~    would    be   the 

price  of  each. 

And  -51.-— -1,  by  the  conditions  of  the  problem,  .-.  a:'  +  4a;=820,«-16,  -20. 
x+i     X 
The  positive  value  x«16  gives  the  answer  to  the  question.    The  negative  value 
««  -  20,  gives  the  answer  to  the  question  of  a  contrary  nature. 

To  explain  the  negative  value  of  x.    In  the  equation  for  x  write  ^x, 

then  _i2_.il -1,   orJ2-.?»+l. 

-aj+4     -x  x-i     X 

which,  when  translated  into  words,  expresses  the  following  question — 

A  person  sold  a  number  of  oxen  for  £80,  and  if  he  had  sold  4  fewer  for  the  same 
money,  he  would  have  received  a  pound  a*pleoe  more  for  each.  How  many  did 
be  sell  r 


EXERCISES. 
Equations  of  this  Second  Degreb. 

I. 

1.  Upon  what  principle  is  the  degree  of  an  equation  estimated 
when  it  involves  the  unknown  quantity,  affected  by  the  index  (1)  of 
any  power,  and  (2)  of  any  root  ?    Give  examples. 

2.  What  is  a  quadratic  equation  ?  State  and  prove  the  process  for 
the  solution  of  quadratic  equations,  both  of  those  which  do  not  and 
those  which  do  require  the  completion  of  the  square. 

3.  What  is  the  distinction  between  proper  roots  and  roots  of  sola- 
lion  ?  In  which  class  of  equations  do  the  latter  occur  ?  Give  examples* 
of  such  roots. 

4.  In  solving  the  quadratic  equation  a;'— tr+2  —  0,  take  every  step 
in  order,  and  describe  the  process  leading  to  the  result  in  plain  and 
intelligible  language. 

5.  Establish  a  proposition  by  means  of  which,  if  the  roots  of  a. 
quadratic  equation  be  given,  the  equation  itself  may  be  formed. 

Ex.  Form  the  quadratic  equations  whose  roots  shall  be  respectively 
3, 4 ;  —3,  —4 ;  —3,  4 ;  8,  —4 ;  and  conversely,  find  the  roots  of  the 
equations  so  formed. 

6.  Under  what  circumstances  will  a  quadratic  equation  have  only 
one  root  ? 

7.  What  is  the  meaning  of  a  negative  quantity  when  it  occurs  a& 
the  answer  to  a  question  ? 

8.  If  a^ +5^  be  a  root  of  the  quadratic  equation  a;'+jF^+9'  ^  0,  then 
shall  a^— &S  ^— o^,  — tf* — l^  be  also  roots  of  the  same  equation. 

9.  What  quadratic  equation  has  its  roots  w'-r{m*±(m— »)*}  ? 

10.  The  trinomial  aa^-^-hx-^-c  becomes  42,  when  ^  =  4;  22  when 
a; ^  3 ;  and  8  when  x^2i  what  is  the  value  of  a,  5,  <^ ? 

11.  Is  2{(a:—a)(ar— *)+(«— a?)(a—3)+(5—a:)(5— a)}  = 

(a:— a)*+(a;— i)*+(a— i)'  an  identity  or  an  equation? 

12.  Besolve  0^^+730;+ 780  into  two  factors  of  the  first  degree. 

13.  Separate  the  expression  «•»(«*+ l)+(j»'+»')jr  into  its  primary 
factors. 

14.  Determine  the  value  of  the  expression  ^III?4.^Z1,  when  x  is- 

X — a    X — b 

a  root  of  the  equation  ^+(<>+^)^  ^  ^^* 

IL 

1.  ar+4j?  =  5.       2.  a^— 4j:  =  5.       3.  «»+a?=20. 

4.  2jj»— 24  =  22a?.       6.  3«»— 53ar+34  =  0.       6.  5a?— 3  =  — 2a;'. 

7.  2«*+4  =  7jp.       8.  6a?*-20a?+14  =  0.       9.  13a?— 7«*+l  =0. 
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10.  7a:*— ai?=160.       11.  3;r*— 21 «— 450  =  6000.       12.  I2x^+x^\. 

13.  110;c»— 2U+1=0.       14.  786«»+73j?+1  =0. 

15.  6254:»-35ir  =  86.       16.  12«»— 25a:+12  =  0.        17.  ar»-5i»+6000. 

18.  9a?— 10«»+4  =  0.       19.  •ar»+21aj+l  =  0. 

20.  a:*- -3180?  = -000319.       2L  •0075jc*+-7&r  =  5. 

22.  25i;+2a:*  = -0025.       23.  (ar— 4)*+2(4?— 4)  =  d, 

24.  C9+5>/3y+(15+7>/3>r+6  =  0. 

III. 

1.   x+y  =  S.        2.  2a:  =  4+~.       3.   :r+-i-:,,l. 
X  X  16a;     2 

4.   3a:+-  =  10.       5.  a:—- Jl»  =  3.        6,-=     ^ 


X  X — 3  3    X — 1 

7       2^      ^"^  8    3(a:«  +  9)     a?— 3  ^     ^^^ 4_ 

a:— 1"    X    '  *         4        "     8     *  '  7     847* 

,^     3j:2     2a?      37  -,     ^+2,         «       i 

10. h-=-  =  TT^«       IL   — ^+a?  =  2a?-K 

4^7      112  a?— 2 

12.  (a?+5)*+4a;»=166L       13,  l-?Z:f  =  ^±?-L 

a?  2 

14.  a?+-?l-  =  3a?+4.       15.  -—-+5  =  6. 

a?— 1  3     6 

16.   ^A^^iJ-^.       17.   f:^;+2a?=12. 
3        a?        2  ^—3 

18.   -J l—t      19.  f±l+.JL__?5. 

«— 2     a;+2     6  *    ^«r+l~12 

IV. 

1.  a:*+12j?*  =  13.       2.  8#+2a^— 1-0.       3.  6«*— 5a?*  = —592. 

4.  4x*— I76a?»  =  — 25.       5.  3af*—7a?»  =  43076. 

6.  256af«— 16a;*-2  =  0.       7.  a;^— 7a?»  =  8.       8.  ai»+6<^aj»=  16<i*. 

9.  a^»  +  81ar'  =  32.       10.  a?+a?i+2  =  0,     11.  a?*— fl^a?«+i*  =  0. 

12.  (2a?)4^7a?  =  — 52.       13.  a?*+ar*«6.       14.  ar>+<wr»  =  2<i«. 

15.  a:i+a:-*  =  fl— 2.       16.  a?»— 6ar*— 16  =  0.        17.  3a?»+42a.-^  =  3321. 
18.  (a?— 5)»— 3(a?— 5)*  =  40.     19.  a?i-25«*  =  54.     20.  a?T+7a?*=.44. 
21.  2a?*-88a;»+13  =  0.    22.  7x*— 20a;*  =  3.       23.  a?*'+4a?»  =  5. 

24.  Zx^-^Ax^  =  4.       25.  3a?*+a?*  =  3104.       26.  x^+x^  =  756. 
27.  a?^+a?^  =  1056. 

V. 

1.  (a?*+4)»-5(aj»+4)  =  44.       2.  (a?»+6y«7+»». 

3.  (a?»+7a?+5)«— 3a?*— 21a:=19.      4.  a?»— 5ar— 19  =  (a?«— 5a:+l)». 

h.  9a?— 4a?»+(4;i!*— 9«+ll)i=lf.      6.  6(«»— 2a?+6)J  =  21+2a?— «•. 


10 

T.  t.j/A—\'—%'Vx—i  'x4.r_2.r— 5  ■i  =  4'i-rT- 

j^     10>jr^L^,J2  1Ir^l^      ^^ 
>+2/  :i  4'jr+2T 


Ih. 


T}i9  foTUmlng  equations,  ch'uaBj  of  tbe  tlilid  degree,  maj  be  sol-.c-I 
tijr  DMaiM  of  er|uaftiotui  of  tlie  eecond  degree. 

1,  ^^I2z     10.  2.  >+l/x+2;'x  +  3;=x». 

3,  ;P»+jj«_12  -0.  4.  i»— 2z*— tr+8  =  0. 

*5,  2jc»— ;t««l.  6.  y+l/x+2,  ^2. 

7,  4;*— 6;?-  9  -  0.  S,  jr+7-ri  »  22. 

0,  jp*— 3r  -2.  10.  x'+7z=z40[z+\). 
11,  4!*+^+4  -0.  12.  ^-&r*+iar— S^O. 
l.'J.  ;r'— ;r'+3^.27  -0.  11.  4jr!-5-p:-4l  :.0. 

1.^.  (;r— l)»-/';r+l/  +  2.        16.  j?»  =  8+4(ar+C/x— 2). 
17,  (24J«— |j?+i; V--3-ir  +  i;  =  (;r»— 5jr+2/2^— i\r+.3). 

IS,  «— 3irf— 2-0.  19.  a?+l  =  2irf.       20.  a;l+>— l>c»  =  tf. 

21.  (ar+l>c*-2.  22.  aj»-2xS+10a;— 9x^  =  90. 

2.x  x-3  .2^-».  24.  4(^+2x+D)4r— 1^5j^+x'-1>5^. 

vn. 

The  fbllowiog  equations,  cbieflj  of  tlie  foorili  degree,  may  be  solved 
by  meant  of  equations  of  the  second  degree. 

1 .  a^  -  4x+3  ^  0.  2.  «•— G  =  5ar(x»— x— 1 ). 
3,  ;<?*+4j5»-27.  4.  a?*-2<r2J»  =  2aaa?+i*. 

6.  aj*+3j»+lOaj-.0.  6,  «*+4a?'—8x- 165  =  0. 

7.  a?»+4(f»ar -- «•.  8.   (aj»+l)»  =  (a?- l)Xx-l)». 
9,  pj«+(l-x)*^a.                   10.  l+x'*  =  «(l— x)*. 

11.  <!+»*)  :=2;r( I  -a?*)»  12.  x\x''+iex)+Z0x{2x—U  --  45-;  2a;. 

1 3.  rtf*  -  2«»+a;  - :  12.  14.  x*+4b'{  1  +tfV)*  =  r. 

15.  (a+a?)*-  (a«+a,^)*  =  4<iV.      16.  «V+1®)  =  -*(«-  12). 

17.  (4a?-2)*-(3a:-  l)»=:(2a;+4)«-(x+3)*. 

18.  (a:*- !)*+(« -2V  =  2(aj'-l)«(x»-2)»+4a^-I2a;+9. 

19.  16«(aJ+l)(aj+2)(ar+3)  =  9.      20.  (ar+l)(j?+2)(*+3X^+4)^48. 
21.  a(«*— l)+84J*(«»-l)  =  0.  22.  «*-8«»+10««+24ar+5=^0- 
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23.  {l'^x'^+{l+xy  =  2{l+x+x'y,  24.  a:*-2jr»-3jr'+12j:+36  =  0. 
25.  (af*-2a:'+l)+:r(«*-2ar+l)  =  0.  26.  «*+4j:»- 19«»+4ar+l  =0. 
27.  ^•—12a^+44:r'- 48a?  =  9009.  28.  a;*+ Va;'— 39a?  =  81. 

29.   ^.-?!±-^.       80.   ?Vz^)^850 
fl^^i-^i+a;?  a^— a«        931 

VIII. 

4 

1.  (3a:-2)(i:-4)  =  0.       2.  (a:+7)(a;-10)  =  40600. 

8.  (6:r-2)*+(8aT-3)«  =  (7a:-iy+3(2;r-l)«. 

4.  (a:-.9)(ar-7)(ar-6)(:c- 1)  =  (a?- 2)(x- 4)(j?- 6)(.r-10). 

5.  (a?— fl)(;c— J)(.p— c)+«^<?  =  0.       6.  X'+{a'-h)x  =  ah, 

7.  (a— ar)(a:-rf)  =  (<?-ar)(a:-5).       8.  (a^+ff/ =  5flfar-(j:-ff)». 

9.  (:p+tf)(a?+5)+(:r-a)(ar— J)  =  fl'+^'. 

10.  a3j:»— 2a<a+*)(tf&)»  =  (a-i)». 

11.  {Sa^+h^lx'-x+l)  =  (3*»+tf')(x«+aj+ 1). 

12.  (aj4  2a)(a;— a)'  =  (a?+2J)(aJ  -  i/. 

13.  3aJ*— (a;-«)*-(aj-3)*-(a;-t;)*  +  a*+5*+c»=  12^5ft». 

1 1.  (a;+J  +  <?)(.i;  +  c+fl)(a;+(i+J)  ^  (A-+fl)(a;+2JX«+30- 

IX. 

(B+S  "^1+2^?"  a— l"  '    (ar'+lXa;+2)~(x+6X^+G>' 

8  2  __!___  4        4     253:*— 16     3a^~12 

?^a:+3""{e*+7a;H-2'"    *         *     10j;+8    "^  2a;— 4  " 
-     a;*— 10a?'+l  „        «     4a;+3     8ar— 19     7jr— S9 

aJ— 6a?+9  9  18         5a:-  12  i 

.11,1  3 


l-x^l+a;^l+2a;~(l+«Kl-^Xl  +  2-^) 
g    _1_     J__     _1 3a;' 

a?— l"*"a?-2'^a?-3"(a;— iX^r— 2X«— 3)  " 

o        1  4  4  1         1 


ar— 1     a:— 2^ar— 3     a?— 4     30 
10 a?-l  a;-2  a;-3  7 

(x— 2X^— 3)'^(ar— 3X^— l)^(a;— 1X«— 2)  '6' 
J  J     __12 6 £1 126  ^^ 

a:(a?— 2)     (a;— 2)(a;— 1)     (a?+2X^+3)"^(;r— 3)(ar+3)  ~ 

a:*+2a;— 48     a;»+9a?+8     a:»+10a;^a;»+5ar  +  50 
13     (g^+lX^-fg)  ,  (^+2X^+3)  _g(ar+3X^+4) 
6  "*"  4  10  ' 


..     x+i  x+S    ( x+l     2+4)      a;(a;— 1X^+5) 
,.     2x»— ar— 1     2a:*— 3aj— 8     8ar»— 9 

ID.     ^ — JL.- 


2  5     J  "        2.4.5" 


a;— 2     ^      ar— 3  2ar— 8 
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^*'         x^-^ +— ins-  = i:^ 


^'  jr+k^x^c^  x+h+7  •    *•  -iiir+~i^:i~  "•^• 

<^— tf    X — ^     X — ^  #+x         *+Jr         ^+x 

1^'^,/ XTT -1-      12^      V^+-li+   J-=0. 

r-h',*  — «r^     «+•*  — ^^  JP+«     -i^+*     •«'+^ 

-,    X— a.x— «— J     x+tf  .  x+tf-f  ^ 

z-^b+e    x+#+^    x+^    x+41  x+a+9    sab 

16.   ..»    +_» i    .+       1      . 

tf+x    ^+x     a-e+x    b  —  e-^-x 

'   a+bx'^ax+b'    #+*   •       ***•   (x— ifw;'x-*)"(x— tfXx-fi*)" 

X+tf+^'^'x— tf+^'**X+tf— ^'^x— <»— i 

x-a^z-^b    z+a^2b'^x+f^2a' 
til     x^^^"^  ^      b'+c'+i^^ia+b^cXa+e^b) 

22.   V5-+^+-+-+-=-^"t^*^^. 
x^Ar    X    ca    z    ab       ^^{abc) 

(x— A)(x— r;     (x— c)(x— fl)     (x— fl)(x— ^) 
05     {z-b)(£^eyAz-~c){z^a)h^  _  ^ 
-*^'    (a-i)(a-^)    ^{b^cXb^a) 

nn      (X— a)(x--g)tf»      (X— 0(X— tf)6«      (X— a)(x— 3y_^ 

-^  •  (a-»)(a-c)  ^(*-c)(i-a)   "*"(7=:j)(^::r4—  '^• 

2-     (x+/g)(i?  4-3)     (x-a)(x-^)  ^  (x+(?)(x+<f)     (x  -  c)(x-  rf) 
•    (x-rt)(x-6r  (x+fl)(x+^)     '(«-c)(*-.(;)"^(x+c)(x+rf)* 


10. 
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XI. 

1.  (3«— 2)»(2x+3)»-12.       2.  (r»-.3a?  +  7)»  +  (4r=— 4«+6)i=14. 

8.  (l+7ar)»— (7— 2^)»«(3^— 18)». 

4.  (<i+ir)*  +  (i+ar)»=i2(a+J+a?)*. 

5.  («»— 8ar+15)*+(;i;*+2:p— 15)*=  (4a;2— 12;r+18)». 

7.  (a  +  6)(aH  ft«+:r»)»  -  (a  -  *)((»«  +  J«-a;»)»  -  «'+*«. 

8.  *•+*— 4  =  a?»(a?+a?»+2). 

9.  (a+ar)l  -  (a— ar)l  -  (a»— a:*)*.       10.  ar^— 2^+4  =  2(a;»— 1)». 

11.  {4;i;«+a:»(ar+3a7}»-(a«+;r*)(4a*+^)*.     12.  ar(;r+l)  =  48+14a?». 

13.  {a:+ay+(x+by  +  {x+ey  -  (ar+«+*+0*- 

14.  (l+a?+a?»)»-(l— a?+«*)*  =  7?M?. 

15.  «M?={(l-a?)»-n-{(l-ar)*+l}.       16.  (i?«-.l)i+(a;»-l)»  =  ar\ 

17.  {(l+a)«+(l-a)»^}»+{(l-.a)«+(l+a)»a?|»  =  2a. 

18.  («»-a?-«)»+(l-ar7-a^.        19.  (2ar»+l)»- {4:*+(2a?*-;i;»-3)»}C 

20.  (a?-»+l)-»  +  («-«-l)-»  =  ar«. 

21.  *»+_L+!«o.        22.  9(112-8a?)»  =  19+(34?-7)». 


XII. 

(  X' 


a:— a?»"    2a:*    *  "   x—x^ "^  ~4  *   I  a?+2J  J    "a?+& 


(l+a?)»  (1—^)*  e  2a?— »  2a?— 3 


8. 


l+(l+a:)»"*l-(l— a:)*  («»— «*+a«)*~  (a?«-^a;+**)' 


10.    J?±i-+,iri.«2a».       11.     |-^lL/^r.4C.^-l). 
(a— ar)*^(<i+a?)»  I  ar— 1  j         I  a?+l  j  ^ 

12.  i^±?y^i='i.   13.  i?£+^+£r=^^ 

la-a?J  ab  \2x+b+c}       x+b 

{x—a  )  *_a?-2g+5  \ 

a?-5j    "i+i^^^" 


14. 


xin. 

1.  (40— a?)«-5«*.       2.  (ar*+«*)»-(a;«-«*)«-2«^. 

3.  (a?*— 2ar»— 2a?+8)(ar'— 4a;»+4a?— 3)  = 

(a;*+2a:'— 2a?— 3)(a?'+4;r»+4a?+3). 

4.  (a?»+4)a?»-l+4a!».      6.  (a?+l)*-(a?— iy=14a?. 
6.  (a?+9a)(a?+8«)-72«».      7.  (rt+a?)»+(a— a?)*  =  R 
8.  (50+a?)»+(50-a?)*=-2.       9.  (a*+a?0*=.(i»+a;3)». 

10.  {(J+tf)»+a?«}*+{(J-0'+«'}*«2a. 

11.  («^+l)(«»+l)«- 2(^+1).       12.  (a?*+l)»  =  (a?».l)%r-l)». 
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13.   ^8=^8.        14.   "-("l-^il^t. 
jr*+3     *«+23  «+(«'-«»)» 

((»+ar)-(a«— x»)t~«*  '    fte+1— (aV— 1)»~  2  ' 

17.   f±£±(!ff±f!I'  =  ?'.        18.     {ty+{^y=:c+a. 


XIV. 

1.  Determine  the  relation  between  «,  *,  and  e,  in  order  that  the 
roots  of  the  equation  aar^+hx+c^O  may  be,  (1)  real  and  unequal; 
(2)  real  and  equal ;  or  (3)  imaginary.  "What  is  the  relation  between  p 
and  q  if  the  equation  were  reduced  to  the  form  a^+px+q^O. 

2.  State  the  criterion,  in  quadratic  equations  which  have  possible 
roots,  when  both  are  positive  or  both  negative,  or  when  one  is  positive 
and  the  other  negative.       -^^ 

3.  Solve  the  equations 

-f  ^  (H^5)(HT)+:?^"~(:J?+6Xar-l) 

^V.  .         j?-7 (2:r+3)  x+2 

^     {x+5){x^l)'' {x+6){x+l)     ic«-l' 
and  explain  how  the  latter  fails  to  give  any  definite  value  of  the 

unknown  quantity. 

4.  Determine  the  real  values  of  x  which  will  render  a;'+2a?+l,  and 
^— a:*  -  f  a:'+ i^+ i  numerically  equal. 

6.  Divide  a?"-2a?*— 4;i?»+13«*— lU— 7  by  a;»— 3a?+7,  and  find 
what  must  be  the  numerical  value  of  x  in  order  that  the  quotient  may 

vanish.  , 

6.  Uax^+hx^+e^O,  and  ex^^-hx+a-^0,  find  the  equation  whicli 

involves  only  the  constants,  a,  h,  e, 

7.  Eliminate  x  between  the  equations 

a*+x-^+Z{x+x-^)  =  w,  ir'— a?-»— 3(a:— ar-')  =  m. 

8.  Find  the  value  of  fi  in  terms  of  /»  when  «  =  —  1  from  the  equation 
(M+2V+2(iu'-l)(3-l):r-2(M+l)(M-l)*^+M(M-l)V+^  =  0. 

9.  Find  a: from  the  equation  (225-6jr)'-»- •25a?»(226-6:c)«  =  0. 

^      10.  Solve  the  equation^ ^ l^^^,^hena+d^b+e. 

x+b     x+a    x+a    x-jr^ 

11.  Solve  ?£lLji+*£=£?+^-0.  wUna+h+c^O. 

12.  Shew  by  means  of  a  quadratic  equation  that  the  four  roots  of 
the  equation  {x+a){x+2a){x+Sa){x+4a)"b*  are  exhibited  by 
,.  j{_6«±[5»'±4(J*+«*)«3»}. 
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13.  State  the  reason  wliy  one  of  the  roots  of  a  quadratic  equation 
does  not  always  satisfy  the  conditions  of  the  problem.  Obtain  the 
values  18  and  3  for  x  from  the  equation  ^+(^^+10)*  =  8,  and  shew 
which  value  satisfies  the  equation,  and  to  what  equation  the  other 
value  belongs. 

14.  Explain  the  reason  why  both  the  values  of  x  obtained  from  the 

equation  {2-  v^4— a;*}-*— {2+ v'4— a^}"*=  >/2   do  not  satisfy  it  on 
substitution  ? 

16.  Shew  that  of  these  two  equations,  (ar— 4)*  =  l+(ar— 1)*,  and 
(4?— 4)*  =s  (a?— 1)*— 1 ;  one  has,  and  the  other  has  not,  a  root. 

16.  Prove  that  in  general  an  equation  whose  coefficients  are  whole 
numbers  has  no  fractional  root.  Shew  why  it  does  not  hold  true  in 
the  equation  a^— d?+l  —  0. 

17.  Is  it  true,  and  if  so,  in  what  sense,  that  an  equation  containing 
radicals  has  in  general  any  solution  ?    Examine  the  equation 

V"2jf+7+  J^x^^%  =  V7d?+1. 

18.  For  what  values  oixis  »y  14— (3a?— 2)(a;— 1)  possible  ? 

19.  Fh>ve  that  a  quadratic  equation  can  have  only  two  roots,  and 
if  any  quadratic  equation  be  satisfied  by  more  than  two  values  of  the 
unknown  quantity,  the  equation  is  an  identity.  How  is  explained 
the  paradox  of  there  appearing  to  be  three  rootii  of  the  quadratic 
equation  or^— a;  =  2 ;  namely,  2,  1,  and 

{K-H-«/-3)H+{i(-l->/-3)}*?  . 

20.  Shew  that  the  roots  of  the  quadratic  equation 

(3a  -  *)-'+(3J— a?)-»  +  (3c— a?)-'  =  0 
are  real,  and  depend  on  the  fact  that  a^+V+e^  is  greater  than 
ab+ac+hc, 

XV. 

1.  If  d?  be  real,  prove  that  a^--  8ar4-22  can  never  be  less  than  6. 

2.  Shew  that  ad^—Sx+lO  can  never  be  negative  for  any  value  of  x. 

3.  Shew  that  the  values  of  the  expression -i--     cannot     he 

if— — 1 

between  0  and  —4. 

4.  Within  what  limits  is  the  value  of  — .--    an    integer    or 

2«»+2a?+l  ^ 

rational  fraction  ? 

5.  Shew  that  the  values  of  ^  "^^"^    lie  between  3  and  1^ 

nr+n+l 

6.  Shew  that  (a?— <»)(J— ar)  can  never  exceed  i(a— J)*. 

7.  Shew  that  the  least  value  of  (^+<>)(^+^)  ig  (ai-|-i«)t .  ^i  ^^ 

X 

greatest  value  o£  ^^^zD  is (^. 
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8.  What  relation  exists  between  the  oonstants  involved  in  the 
equations  aj^+hx+c  =  0,  and  ^+ i'i? + <<  =  0  ? 

9.  If  ;i;  be  real,  prove  that     "Y  v-      ®*^    have    no    real    valae 

between  —  and  1. 
25 

10.  The  greatest  value  which  the  expression  ^     J  admits  for  anj 

value  of  X  is  :Z^+1 . 

2 

11.  If  07  be  real,  -^ can  never  lie  between  5  and  - . 

x—l    0?— 6  5 

12.  Shew    that    by    giving     an     appropriate    real    value    to    x, 

- — J — ^i-  can  be  made  to  assume  any  real  value. 
12j:'+8ar+l 

13.  The  expression   ;  ""^^;  *"  ;  admits  of  all  possible  values  pro- 

vided  that  one,  and  only  one,  of  the  quantities  a  or  ^  lies  between 
c  and  d ;  and  otherwise  will  have  two  limits  between  which  it  cannot 
lie. 

14.  The  expression  — >T  if     v  ^^  ^®  capable  of  all  values  for 

real  values  of  x,  provided  that  («^ — rf'<?)*—  (<^3— aJ')(5'tf — 3^)  is  positive. 
Shew  that  this  includes  the  conditions  H^  greater  than  (le,  and  h'^ 
greater  than  af(/. 

15.  If  a  be  greater  than  h,  and  e  be  positive,  prove  that  the  greatest 
value  which  the  expression  (a?— a)(:r— J)(a?— «— c)(a?— i+tf)  can  have 

for  values  of  x  between  a  and  J,  is  V^—  )  A**""  -r  ^  ^ 

16 

XVI. 

1.  If  a,  fif  be  the  roots  of  the  equation  a:i^+hx+e'^Oy  and  that 
««+i8«  =  1,  shew  that  2ae  =  i*— a*. 

2.  If  one  third  of  the  sum  of  the  squares  of  the  roots  of  the 
equation  as^+hx+e^O  be  equal  to  their  product,  then  h^=:5ae. 

S.  If  a,  fi,  be  the  roots  of  the  equation  ax^+hx+c^O,  then  the 
equation  whose  roots  are  «*+/B'  and  a-»4-^-»  wiU  be 

oVar*— (3*— 2fl<?)(a«+<^)a?+(*»— 2<K?)«  =  0. 

4.  If  a,  fi,  be  the  roots  of  the  equation  a^—px+q^O,  find  the 
equation  whose  roots  shall  be  respectively,  (1)  *i+fi,  a—fi. 

(2)  «±iB>/-l.  (3)  •'±a/8+/J».   (4)(2«~3)-S(«-2/l)-».   (5)  ««^-^  «-»/*". 

5.  If  «,  fi,  be  the  roots  of  ax*+{a+h)x+h  =  0,  then  shall 


? 
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G.  If  the  equation  (a*+i^y—2{ae+hd)x+(c^+d')^0  have  real 
roots,  shew  that  these  roots  are  equal  to  the  sum  and  difference  of 
ac+hd  and  ad^hc, 

7.  If  a  quadratic  equation  be  satisfied  by  more  than  two  different 
values  of  x,  it  will  be  satisfied  by  all  values  of  x ;  and  shew  that  if 
S  /3,  7,  each  satisfy  the  equation  a^+px-Tq=^(iy  then  must 

(«-iB)(/3-7)(7-«)  =  0. 

8.  If  a,  /3,  be  the  roots  of  a^+px+q^O,  and  <^,  ^  the  roots  of 
ar— p'ar+£'  =  0,  then  ar*— pp'ar+j?Y+j>''j'— 4y^  «  0  is  the  equation  whose 
roots  are  a'fiJ^aP^  and  a^-^-fl'/8'. 

9.  Shew  that  the  equations  c*d?'+(2a^— 3")af+a'  — 0,  and 

fl^jc*— 2a'(^*— 4<w)a?+J*(^'— 4fl^)-0,  have  respectively  their  roots,  the 
former  the  squares  of  the  reciprocals,  the  latter  the  squares  of  the 
sum  and  difference  of  the  roots  of  the  equation  A^-f  &;r+^  —  0. 

10.  If  :r*^3a;  =  a,  and  «*— 4a?=5,  have  one  root  in  common,  shew 
thata'— 14«+40=.0. 

11.  If  the  roots  of  the  equation  s^+px-^-q^O  be  respectively  any 
equimultiples  of  the  roots  of  the  equation  ^+r^+«'0 ;  prove  that 

12.  If  ai  /3  be  the  roots  of  the  equation  aj;'+^^+<'-0;  find  in 
terms  of  the  coefficients  the  sum  of  the  second,  third,  and  fourth 
powers  of  the  roots  of  the  equation ;  also  the  sum  of  the  reciprocals 
of  the  same  powers  of  the  roots. 

13.  If  a»  /3  be  roots  of  the  equation  a^-^-px-^q  =  0,  and  a,  y  roots  of 
«'+ra?+«  =  0,  then  ^+y  is  a  root  of  the  equation 

a^+(p+r>+2(^+«)-0. 

14.  State  the  relations  which  subsist  between  the  coefficients  of  the 
quadratic  equation  a3i^'\'2hx-\-e^0^  when  the  roots  are  possible  or 
imaginary,  equal  or  unequal ;  and  if  the  roots  be  imaginary,  shew 
that  the  result  of  the  substitution  of  any  value  of  ^  in  the  expression 
(ui^+2hx+c  is  always  positive,  and  find  the  least  value. 

15.  If  the  difference  between  the  roots  of  the  two  equations 
«'+(p— a>+^'  =  0,  and  x^+{p—b)x+a^  =  0,  be  equal,  then  shall 
2/>  =  i:(a+^). 

16.  If  a^+piX+qi'^O,  and  a^+p^+q^^O,  have  a  common  root, 
then  shall  {qi—q^^  =  (Pi^PiXptqi—piq^f  and  the  equation  which 
contains  the  two  roots  not  common  is 

i^i—Siy^-(jPi—Pi)W—qi^)x'^{Pi—Ptyqiqi = o, 

also  these  roots  are  (^^:'^«)^»  and  illHSl^S*.     Find    also    the    root 

common  to  the  two  equations. 

17.  If  «.  ^1  be  the  roots  of  a^^px+q-0,  and  «^»  fi^  the  roots  of 

it'-^a?+i?  =  0,shewthat  JL+1.+^+^^1. 

tuC     apt     a'fi     fi^0 

18.  Determine  the  relation  which  subsists  between  the  coefficients 
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7.  6x(a:— 1)— 3{3(:r— 2)(^+l)— 2(a:— 5)}i  =  4(;r+3). 

8.  3a;*+8a?— (28a:»— 484?)*  =  \2—^x^. 

9.  x^+S  =  2{(z^—2x+2)^+x}.      10.  Tar— a:*+(2^«— 14«+20)i-.12 

11.    -^_  +  _l__^  =  ?i.         12..+4+|?+^l*=J^2 
ar+4^(-iy-|-4)i     x  Kx-4)        a?— 4 

13.  10(»^"15)_12(ll3:-15)_^^^ 
x'-ix+b       a^-6x  +  0 

14.  2        ,  (^+2)i  17 


(d;+2)T  2~      4(j:+2)4 

,c     ^  5:c  116 

VI. 

The  following  equations,  chiefly  of  the  third  de^ee,  may  be  solvcJ 
by  means  of  equations  of  the  second  degree. 

1.  «»— 12ar  =  16.  2.  («+l)(a:  +  2)(.r  +  3)  =  ««. 

3.  a:»+a?'— 12  =  0.  4.  ar'— 2a;*— 4;»+8  =  0. 

0.  2i;»— i^=l.  6.  (a;*+l)(a:+2)  =  2. 

7.  ar*— 6ar-9  =  0.  8.  x+7j:*  =  22. 

9.  a:*— 3;ir.-2.  10.  x'+7x  =  49{x+\). 

11.  x^+a^+4=^0.  12.  a?'-.6j:'+10;r— 8:=0. 

13.  a?'— ^+3j:-27=^0.  14.  4j?3 -  5j?5 -  4 1  =  0. 

15.  (a:— l)'=.(a:+l)^  +  2.        16.  a^  =  S+i{x+ti){x—2). 

17.  (2a;*— 4i:+l)(a:-— 3j:+4)  =  {x'—5x+2)(2x'—tix-\-Z). 

18.  a— 3a?i— 2  =  0.  19.  a?+l=2a;».       20.  a;5+(a— l)a:*  =  <i. 
21.  (aj  +  l>r«  =  2.  22.  a*-2a:5+10a;— 9^;*  =  90. 

23.  ar-3  =  2ar-».  24.  4(a,'»+2a?+5)«— 4(5j;»+x^-l)-5ar\ 

vn. 

The  folloinog  equations,  chiefly  of  the  fourtli  degree,  may  be  solved 
by  means  of  equations  of  the  second  degree. 

1.  iB*-4a;+3  =  0.  2.  a;*— 6  =  5a:(a:'— a— 1). 
3.  u;*+4a.-*  =  27.                         4.  a:/"  -  2aji^  =  2abx+l\ 

5.  a:*4-a*+10x  =  0.  6.  aj^+^x*— 8a- 165  =  0. 

7.  aj»+4fl«a;  =  aK  8.   (a^+ 1 )»  =  (a^  -  1  )*(a;- 1  )*. 

9.  iB*+(l-a;)*  =  a.  10.  1 +x-*  =  «( 1  — «)♦. 

11.  a(l+aj*)  =  2x(l  -a;*)»  12.  a;Xa;'+16a;)+30a;(2a;— n  ::  45-'v  2a;. 

13.  x'«-2«>+a;  =  12.  14.  x*+4.h\]+a*x*y=^c\ 

15.  (a+a;y-(a*+x-*)*=4aV.      16.  ««(*'+ 1^)  =  4(x  -  12J. 

17.  (4a:- 2)*— (3a;-  l)*  =  (2aj+4)*-(a;+3)*. 

18.  (a^-l)*+(a;-2)*  =  2(a^— l)*(a:»— 2)*+4a^-I2a?+9. 

19.  16a<a;+l)(a:+2)(;r+3)  =  9.      20.  (ir;+l)(a;+2)(a?+3)(a;+4)=r  48. 
21.  3(««— l)+8a?*(«»-l)  =  0.  22.  «*-8«»+10«»+24a?+5  =  0. 
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23.  (l^T')+{l+xy^2{l+x+x'y.  24.  ar'-2a;»-3j:»+12j:+36  =  0. 
25.  (a?*-2ar»+l)+<a;»-2a?+l)  =  0.  26.  a;*+4jr'- 19ar«+4^+l  =0. 
27.  ar»—12aj»+44a?'- 48a:  =  9009.  28.  «»+ V^r^— 39jp  =  81. 

a'i* "  i*+a:- '  *       a^— »•     "931* 

vin. 

1.  (3x-2)(j:-4)  =  0.       2.  (j:+7)(a:-10)  =  40600. 

3.  (6a:-2)»+(8:r-3y  =  (7a:-l)«+3(2^-l)^ 

4.  (ar-9)(x-7)(ar-5)(a:  - 1)  =  (^ -  2)(;r  -  4){x  -  6)(a-- 10). 

5.  (a:— fl)(j:— i)(x— c)+fl5(?  =  0.       6.  x^+{a-'h)x  =  (rb. 

7.  (tf-^)(^-rfy=(tf-a?)(a:-*).       8.  {x+ay  =  5az''{x-a)\ 

9.  (ir+a)(a?+ft)+(ar-a)(a:— J)  =  <»'+^'- 

10.  a*a^— 2a?(a+3)(fl6)»  =  (a— jy. 

11.  (3a«+*')(ai»-x+l)  =  (3J«+a«)(a^+a;+l). 

12.  (a;+2a)(a:— «)•  =  (aj+25)(a;  -  i)'. 

13.  8a^— (a- <i)*-(a?-^)*-(a;-c)» +  «*+**+(?•  =  I2ahex. 

14.  (a;+*  +  <?)(.c+r+«)(.r+ei+J)  n:(.r+a)(a;+2iX«+3c). 

IX: 

.      12+2^     4a;— 3     4x^1  g         -^(/l-ll) (x+^){x+4J 

'     x+2  '^l+2x-  x-i'         '   (x  +  1Xj:+2)-"(x+6)(/+0>' 
3  2  2  ^        ^     2£^--16     3^— 12 

aJ— 7a;+3""««+7a:+2  ~    '         '     10d:+8    ~  2a:— 4  " 
.     a:»— 10:r'+l  «        a     4a:+3     8a:— 19     7jr— 29 

a:*— 6;r+9  9  18         5j:-12  1 

^       J_        1  1 3 

1 -;c"*"  1 +a:+l+2j:  ■"  (1 +a:)(l -a:Xl +2ar)" 

g     _j^     J__     _1 30:* 

'    a:-l+a:-2+a:-3"(a:-lXa:-2X^-3)' 

9.  ^1 i-4.-f L.U. 

a:— 1     x— 2^ar— 8     a:— 4     30 

10.  _4=L_+__J[=L_  +     ^-3        7 


(a:— 2X^— 3)^(^— 3Xa:— l)^(a;— l)(a;— 2)  ~  6 

J  J     _12 6 21 126  ^g 

ar(a:— 2)     (a:— 2Xa:— 1)     (a:+2X^+3)'^(a:— 3)(a:+3)  " 

a:*+2a:— 48     iF»+9a:+8     a:*+10a:^a:»  +  5j:+50 
j3     (a:+lXa^+2)     (a:+2X^+3)_g     (a:+3Xa:+4) 
6  "^  4  10  * 


3    '     4    ■  t     2  5     ;  "        2.4.5" 


14     ^+^  a?+3    f  a:+l     2+4  {     a:(a:— 1X^+5) 
•  e     2a:"— a:— 1     2a:«— 3a:— 8     8ar'— 9 

ID. 1 , 

a:— 2     ^       a;— 3  2a:— 3 
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,^     12x*— 28;p+100  .  ;r+19x+4     13*?— 14^+100     20Lr+ 4 


^^-4/    (g--8/    (x^7y  ,  (^r-sy 


*'•    -    ~+-::-::gr~  xS  ^  *-6 


X 


L 


-      l+a      h^x        «      g  h       a^h  , 

1— <Lr     1+^j?  4?— tf    x—b    x-^e 


;r+6    x^e"    x+b+e  '        '      a — b    "*"    b — a 


3. 


5     1*  -i-i»^-|-»»»      •»  ^ 

a*— Ar+4r    or  x+a+b  x+e+a 

-      ar+ii^  4? — c^^  oh — cd  ^    j;*+fl^  «• — ^-,4  « 

jr — tf*^    a;* — t^iP    ar* — a^<^'        '    X'\-a  x — a 

X — a    X — b    X — c      '  '     a+x        b+x        e-^x 

-  ,    4?— a  ,  x—a^b    x+a  ,  x+<i4-^ 

lO.  ,-r i «= T'T i — • 

x—b     x^b-^e    x+b     x-^-b-^c 

a;  +  o+(?    x+a+e    x+b    x+a  x+a-^rb    x    a     b 

a+j;    b+x    a-e+x    b  —  e-^-x 

•   a+bx^ax+i''    a-fb   '       ^^'   i^'-tna){x-b)"lx—a){x-mby 

19.    .__L_._i_  ._?_,.  _1 0. 

a7+a+^  ""a?—  a+b*x+a^b*x—a^  b 

^/v     ar— ft     a?  — «_4?+J  — 2fl    x+a— 2b 
x  —  a^x—b    x+a'-2b'^x+b-~2a' 
21     ^ar^'<^  1      b'+e'+al^_{a+b^c)ia+e^b) 
4*0?"-  2  2 

22.  '*4.£+^+£+f+i[=£(f+i±i). 

a?^ft<?    ;);    m    ;r    oft        »J{abc) 
23  _  *" 4., '• ^ ^: „A 

24.    (^g+^)(»g+0■^_(«^+OG^+^)_^,(^+^)(^+^)  ^  3^ 

05     (.r-ft)(j?— g>'^(3?-g)(^—g)ft«  _  , 
-"^^    (a-ftj(a-0    ^(ft-c)(ft-a) 

Ofl     (x— ft)(a?—g)tfV(j?— (?)(3?— <i)ft*j^(j?— a)(ar— ft)g»      . 
^  '    la-b%a^~e)    '^(ft-.c)(ft-ii)    ■*"(<,-tf)(c--ft)        '^^ 
gy     (^a)(^  +  ft)     (^— a)(j:-ft)  ^  (a?+g)(a?+(f)  ,  (3;-c)(ar-(Q 
{x'^a){x^b)     \x+a){x+b)     lx-^e){x^d)^  {x+c){x+^' 
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XL 

1.  (3ir--2)»(2a?+3)»-12.       2.  (a;^-3a?+7)*  +  («5-4a?+6)*  =  14.. 

8.  (l+7:r)»— (7— 2ar)*=:(34;-18)*. 

4.  (a+ar)*  +  (*+ar)»  =  2(a  +  5+a7)». 

5.  («»— 8a?+15)*+(a;>+2ar— 15)*  =  (4;r2— 12a;+18)». 

7.  («  +  ^)(aH  5*+;r»)»  -  («  -  *)(«'  +  i^-:i;^)»  =  a^+h*. 

8.  **+a?— 4  =  ar*(ar+ar»+2). 

9.  (a+ir)l-<(«— ar)l-(a«— a:*)*.       10.  ar— 24r+4  =  2(ar»— 1)». 

11.  {4«"+a;»(ar+3<»7}*«(a*+a;5)(4a*+a;=)*.     12.  x{iv+l)=^4B+l4xK 

13.  (ar+(i)»+(a?+ft)*  +  (a:+0*='(^+«+*+0*- 

14.  (l+^+«»)»-(l— a?+«')*  =  w:i?. 

15.  mr={(l-ar)*— l]-{(l-ar)*+l}.        16.  (:r*-l)J+(4;«-l)*  =  ar\ 

17.  {(l+<»)*+(l-a)(r}»+{(l-a)«+(l+fl)»:i?}»  =  2a. 

18.  («>-a?-»)»+(l-ar')»=.ic».       19.  (2ar'+l)»»  {;r^+(2^-^'— 3)*}*^ 

20.  (ar-S+O-i  +  Car^-O-^^o?'. 

21.  «»+-J^+?«o.        22.  9(112- 8ar)»  =  19+(3;c-7)^ 

XII. 

a?— ar*        2a:*  ar— a?*        4  I  a?+2i  J       ar+ft 

.        (l+a:)»  (1—^)*  r  2a:— »  2a:— J 


•   *-(:r«-16)*~^       "^'      ^*   *_(;««-«')«  =  « 

(a— «)»^(«+ar)»  I  «— 1  i        U+1  / 

12.  /?±fr-i=ff.    13.  i^j±^±^y=^+f. 

la-x)  ah  {2x+b+e}       x+b 

14.    /f=fl*  =  ^Z^.  V 

l«-Jj       x+a—2b 

xin.  I 

1.  (40— a?)«  =  5;p*.       2.  (a:*+a*)' -(a:* -«*)«=» 2ii^. 
8.  (a:*— 2a:»— 2a:+3)(ar'— 4ar»+4a:— 3)  = 

(a:»+2a:-— 2a7— 8)(a:»+4ar'+4ar+3). 
4.  (ar»+4)ar»«l+4a:».       5.  (a:+l)*-(a:— l)*=14a:. 
6.  (a?+9«)(a?+8«)  =  72a».      7.  (a+a?)»+(a— a:)*  =  R 
8.  (50+ar)»+(50-'a:)*  =  2.       9.  (a*+a?-)*=-(J»+ar»)». 

10.  {(i+(:)«+a:«}*+ {(J -(?)»+«»}♦«  2a. 

11.  («^+l)(:r»+l)'-2(a:*+l).        12.  (a:«+l)»  =  (a:«- 1)'(^- 1)». 
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ay  ax 

7  '7' 

14.   fla?+^=?4.l+w,   flTa^+yy  =  -+-+«»'• 

15    L+f4.i±^-l     1+^.  i-y^4 
1—y^l— arsis'   1+y     1— a?     13* 

XXV. 

1.  ar+a?y+j:=  14,  y*+ipy+y  =  28. 

2.  3^  =  2xy+12,  a?*=6:FV+12.         3.  a?*+y*-641,  rV+^y*  =  5i90. 
4.  a?*+6y'  =  5a:*y,  3/*+6a^»5y»:F. 

6.  «»+a:y+y»-49,  y*+a?*-961— «»y«. 

8.  y*-«V  =  69,  3y»+3^-31y- 

9.  a?*— a^'+y*— y*  =  84,  ic'+a^'y'+y'  -  49. 

10.  (a:+y)(ar+y+l)-56,  (ar-y)(a:-y-l)  =  12. 

11.  2(a^+y*)+7a;y(aj"+y«)-740,  2(a;'+y«)-ary-20. 

12.  «*+y*«641,  a:y(iF»+y«)  =  290. 

13.  a?*y*+l  -  313y*— 6a?»y»,  aV - 1  =  5y*. 

14.  «»+ajy+y=-19,  a?*+ary+y*-4(aj'+|ry+y')-21. 

15.  ar*+y*-l+2a;y+3a;»y«,  a:«+y»-2y»iP+2y*+ar+l. 

16.  «»+y»-a;^y'+2ary  -  6,  a;'y(y+2)+a?y»(a?+2)  =  20. 

XXVI. 

1.  (aJ»+y»)y  =  <ra?,  (a!*-y»)a:  =  Jy.      2.  (<«:)»+ (*y)»  =  a+ 6 -i(j;+y). 

3.  a?+y+(ar+y)»=12,  a;»+y»-189. 

4.  ««  =  81aj»— 4y«,  y»-31y'-4a;». 

5.  (a;*+12y)»+(y»+  12a?)*  =  33,  x+y  -  23. 

6.  y"  -  64  -  8a;*y,  y — 4  -  2y». 

7.  4y»+(4-aj«)«=18,  {(l+^)»+y'}*+{(l-a:)'+y'}*  =  4. 

8.  a?l+yl  =  3a?,  «*-jr*  =  a?. 

la?-yj       a?— y 

10.  y.^+^,.y;-3,«^_-±-iu. 

11.  «»+y»-l7,  (*+y)«»y« - 10.     12.  l|_§  =  34a»y»,  *-y-12. 

y«    «i 

13.  (<w)'+(6y)»-(^-6')*.  6'«'+«y-«'^- 

14.  (*»+8«y«)»-(8«v+y*)' -$(«•- A  («+y)*+(*-y)^-«*- 

xxvn. 

1.  a;+(«y)'+y- 19,  a»+ay+y» - 188.     2.  4*»+y«-ar,  3y»— «»-y. 
8.  «»+y»-6,  a»+y«-126.      4.  «»+y»  =  4,  «»+yf-28. 
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5.  ar+a,V=-10,  y+a?y  =  15.       6.  i?^+arlyl  =  208,  y«+a?V*  =  1053. 
7.  ar3+yl  =  85,  arl+yi  =  ll.       8.  a?l+yt=-ll,  a?l+yI-4. 

9-  (^+y)*+(^-y)*=«,  (^+y)*+(a?-y)*  =  *. 

10.  arlyl«4y*,  a;*+y»=12. 

11.  ^^^41  =  4,  4:r^==y.         12.  4=^  =  8,  ^^  =  15- 

13    -g-K^— y')*    ^~(^-y')^    82    (^'-y^)>4>y    (x'-y'^-y    48 
•    ^-(a;«-y«)»"»"ar+(ar^-y*)*-9'    (^^-y^)»-y""(:r*-y7+y-  7 ' 

j5     a;*(^-l)     y»(24?l-l)     4yHy*-f^)^3y 

-     2x5     2^__j^3      2^     yJ 
yj      y  "■  yf  "  36yi  "5"^!* 

XXVIIL 

1.  dr'+ary  =  12,  ^ry— 2y»=l. 

2.  a?'+6xy  =  235,  4ary— 3y*=— 7. 

3.  54^+7ary— 87  =  0,  5y«  +  7a?y-C7=-0. 

4.  3j:'-4ary«7,  3a:y-4y*=^5. 

6.  d?'+3j?y+y«  =  20,    5j:'+4y*  =  41. 
6.  a;*-32:y+2y*  =  3  =  3ar'-8jry+4y*. 

XXIX. 

1.  Shew  that  — |-^-  =  1  may  be  put  under  the  form 

S  ?_^/fy  >  4.  <  —  — ^  \  =^'+1,  when  fi  is  any  numerical  quantity. 

2.  Eesolve  2y'+2ir*— 5j?y— 4tfy— op— Ca^  into  two  simple  factors. 

3.  If  a,  hf  e  be  real  quantities,  shew  that  no  real  values  of  x  and 
y  can  satisfy  the  equation  ay— Jo:  =  (?{ (4?— a)' +(y— J)'}*  unless  <^  be 
less  than  a'4*^'* 

4.  Solve  the  equations  2y' — ory— 2**— 4tfy  +  6tfar— 4a'  -  0, 

and  y*+d?y— 3^:'— 2ay+4fl4?-5<i'-0. 

5.  Prove  that  the  two  following  equations  coincide  : — 
(«-a/)«(y^-}')  -  2(«-y)(y-y>:y+(y -/)•(*"-«')  =  0, 

6.  Find  x  and  y  from  the  equation  («+y>/ — 1)'  =  «+ Jv/ — 1. 

7.  Find  the  real  values  of  x  and  y  which  satisfy  tho  ecjuation 
(3ar+2y  v/^(8ar+3y  >/^  - 15(5  V^f-  2). 

8.  If  the  equations  X'\'y=af  a?*+y*  =  i'  be  solved  by  means  of  an 
intermediate  quadratic  equation  from  which    xy  is  obtained,   the 
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negative  yalue  in  this  last  equation  must  always  be  taken  in  order  to 
obtain  the  possible  yalues  of  x  and  y. 

9.  If  y*+tf^y+^a;'+fy+<fo+«  =  0  can  be  resolved  into  two  rational 
factors  of  the  first  degree,  then  {ae — 2dy  =  {a — 4i)(c*— 4*).  Besolve 
231? — 21a7y — lly' — a?+34y— 3  into  two  rational  factors. 

10.  If  as^-^-hy^ •{'2ay+2lfX'{-2(fxy+c  be  the  product  of  two  lineal 
factors  involving  x  and  y ;  shew  that  aJ^+2a'^V— (y<i^+ W**— a?^  =  0. 


XXX. 

1.  I£y-— i«(2a?+»»)«a',  ic*— »i(2y+?w)-^,  (i+a?«6+y;  shew  that 
i»=>0  or  «t  =  a+3. 

1  9 

2.  If  iP  =  (a'+«*)'  and  «(j--ar+(a?'-fl»)* ; 

Then  shall  2x  =  a{e'+e  «)  and  2<  =  a(^  —  e  «). 
8.  Given  (iF— a)«— (y— 8)»  =  (j*,  a'+zB'ssfl^,  aymxfix;  prove  that 

a?+y'^{a±ey. 

4.  If   (a;— a)»+(y-^)«-tf',    (y»-r»)(ar-«)  =  2;ry(y— /i);    show  that 
ay — fix  =  ±car. 

5.  Given   2y  =  f»'+J*,    2w:p  =  f**+a',  and  4»inay  =  »*V+<i'i*;  shew 
thatay+iV  =  a«i», 

6.  Solve  fly+J^ir'ssa'i*,   «iy+»M;  =  w«;   and  shew  that   the  two 
values  of  x  and  y  coincide  when  m*b^+n^a^  =  a^^, 

7.  If  fl'yy'+i»4;y-a*3«  =  ay«+JV»— a'3'  =  iVy-ayj?=-0;    prove 
that  (a?»+y*)»  =  fl»a;*+5y. 

Also  shew  that  the  same  result  can  be  obtained  from  the  equations^ 

h%^+a'y{'  =  a^b\  ^'ir,;r,+ayy,  =  0,  h*x;*+a^yj^  =  aV. 

8.  If  {(a+^)»+y'}*x{(a-a;)»+y«}=a«, 

then  shall  (^+y')'  =  2(^{x^^y*). 

n     a^     Ir     ^     x^    y^     ^   ^  ji  by     n^     .x^      ma 

9.  — I— :=1,        I  i-  =  l,  and-ii-  — ;  then-=-. 

wr    «*  mr  '  n*  ax    m^  ^    V 

10.  If  «i^i'+ny,'  =  a',  war,'+«yi*  =  a',  w;Ciirj+«y,y«  =  0;  then 

in(a?,H^i*)  =  »'  =  «(yi'+yj*)- 

shew  that  (ft^)l+(<i«)l  =  (a*— J»)l. 

12.  If?^^  =  4.  =  -^and   \l'?t\\l^y^l;,hewihat 
b       nra     «a  (    «  j     *    I   «    J 

18.  If  a»(*»— y') = «y  and  jr(3'— y*)* «  ^^  then  x  »  fl«6»(a'+**)'^. 
14.  If  i7>|  n  be  roots  of  ax^+b^x+(^=0,  and  f»,  q  roots  of 

<.yS+^iy+«»=0;  then  shall  ^±?-  {"^V. 

p+q      I  i?^  J 
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15.  If  axz+hxtf+ey*  =  ai^,  'e3?-\-hxy-\-ai^  =  cb\  and  «+y  =  rf;    tlion 
8Tiall*-±£±*  =  S. 

1 6.  If  (*-«)(y-ma)  -  («/J_ma)(«— a),  (iS'-o')(y»-Mi8') 

17.  If  a:»(y-|>)  =  ^  and  y*(iP-g)=i>;  sliew  that  if  Xj  y  be  rational, 
pq  is  not  greater  than  \. 

18.  K  aar+ Jy  =  x+y+xy  =  a?'+y«- 1  =  0,  shew  that  -+-,  =  /^njxi  • 

19.  If  {aJ+(:r«+4)*}»+{y+(y»+4)»}«-4,  then  (a;*y)l  +  (^*)»  =  1 . 


XXXI. 

1.  Divide  41  into  two  parts,  so  that  the  difference  of  their  square 
roots  may  be  equal  to  unity. 

2.  The  sum  of  the  squares  of  the  digits  composing  a  number 
of  two  places  of  figures  is  25,  and  the  product  of  the  digits  is  12 ;  find 
the  number. 

3.  The  sum  of  the  squares  of  two  numbers  is  170,  and  the  dif- 
ference of  their  squares  is  72.     What  are  the  numbers  ? 

4.  A  number  divided  by  the  product  of  its  digits  gives  the  quotient 
2 ;  and  if  27  be  added  to  the  number,  the  digits  are  reversed.  What 
is  the  number  ? 

5.  A  number  consists  of  three  digits,  the  first  two  being  the  same, 
and  is  equal  to  the  product  of  the  sum  of  the  digits  and  of  the  number 
formed  by  the  last  two  digits ;  if  the  product  of  the  last  two  digits  be 
10,  find  the  numbers. 

6.  Find  two  numbers  such  that  their  difference  may  be  4,  and 
that  twice  their  product  may  be  equal  to  the  cube  of  the  less. 

7.  There  is  a  number  consisting  of  two  digits,  the  number  is  equal 
to  eight  times  the  sum  of  its  digits ;  and  if  it  be  increased  by  nine,  it 
shall  be  equal  to  the  square  of  the  sum  of  its  digits. 

8.  Find  two  numbers  such  that  three  times  their  product  is  equal 
to  the  sum  of  their  squares,  and  their  quotient  equal  to  the  difference 
of  their  squares. 

9.  Determine  two  numbers  whose  product  shall  be  equal  to  the 
difference  of  the  squares,  and  the  sum  of  their  squares  to  the 
difference  of  their  cubes. 

10.  Find  two  numbers  such  that  twice  their  sum  and  three  times 
their  product  may  each  be  equal  to  twice  the  difference  of  their 
squares. 

11.  A  number  consisting  of  two  digits  is  suqh  that  when  divided 
by  the  sum  of  the  digits  the  result  is  the  second  digit;  and  if.  the 
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digits  be  zeTened,  the  square  of  the  number  thus  formed  is  four 
limes  the  cnbe  of  the  snm  ci  the  digits.     Find  the  number. 

12.  Is  it  possible  to  determine  two  integral  numbers  whose  sum, 
product^  and  sum  i^  the  squares  are  equal  to  one  another  ? 

13.  Find  two  numbers  whose  product  is  equal  to  the  difference  of 
their  squares^  and  the  sum  of  the  squares  is  equal  to  the  difference  of 
their  cubes. 


1.  The  perimeter  of  a  rectangular  field  is  680  yards,  and  its 
diagonal  is  260 ;  find  the  sides  and  the  area. 

2.  There  is  a  rectangular  enclosure  such  that  its  boundary  fence  is 
ti  times  as  long  as  the  difference  between  its  longer  and  its  shorter 
side,  and  its  area  contains  m  times  as  many  square  yards  as  that 
difference  contains  lineal  yards ;  find  the  length  of  the  sides. 

3.  The  two  sides  of  a  rectangle  expressed  in  feet  have  the  sum  of 
their  cubes  equal  to  109  times  their  sum,  and  the  difference  of  their 
cubes  equal  to  229  times  their  difference;  find  the  area  and  the 
diagonal. 

4.  A  field  in  the  form  of  a  rectangular  parallelogram  has  an  area 
of  p  square  yards,  and  the  length  exceeds  the  breadth  by  m  feet ; 
what  are  the  dimensions  ? 

5.  A  person  travelling  along  a  straight  railway,  with  a  uniform 
velocity  v,  observes  at  intervals  of  time  a,  b,  c  that  he  is  in  the  plane 
of  the  faces  of  a  square  tower ;  find  the  area  of  a  horizontal  section  of 
the  tower,  and  the  distance  of  the  nearest  comer  of  it  from  the 
rail. 

6.  The  contents  of  a  rectangular  parallelopiped  having  two  of  its 
edges  equal  is  a*  cubic  inches,  its  surface  is  h*  square  inches,  and  the 
sum  of  its  edges  is  e  lineal  inches ;  find  the  lengths  of  the  edges. 

7.  The  difference  between  the  edges  of  the  first  and  second  of  three 
cubes  is  equal  to  that  of  the  second  and  third,  and  the  sum  of  the 
three  edges  is  a  inches,  also  the  content  of  the  throe  cubes  is  <^  inches  f 
find  the  lengths  of  the  edges  of  the  cubes. 

8.  There  is  a  chest  whose  width  is  equal  to  its  depth,  and  its  soliil 
contents  in  inches  is  exactly  equal  to  the  solid  contents  of  the  boards 
which  compose  it  at  one  inch  thick ;  also  the  external  surface  is  1 1 
of  the  internal  surface ;  what  are  the  dimensions  of  the  chest  ? 

U.  The  fore-wheel  of  a  carriage  makes,  six  revolutions  more  than 
the  hind- wheel  in  going  120  yards;  but  if  the  circumference  of  each 
wheel  were  increased  by  3  feet,  the  fore-wheel  would  make  only  four 
revolutions  moro  than  the  hind- wheel  in  the  same  space ;  what  is  the 
circumference  of  oach  wheel  ? 

10.  A  and  B  gained  by  trading  £100.     Half  of  A'b  stock  was 
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less  than  J9's  by  £100,  and  A^s  gain  was  ^^  of  B*b  stock;  what  did 
each  put  into  the  stock,  and  what  are  the  respective  shares  of  the  gain  f 
11.  A  certain  number  of  oranges  were  sold  for  a  certain  number  of 
pence ;  but  if  5  more  were  sold  for  the  same  money,  they  would  have 
cost  each  one  halfpenny  less,  and  if  5  less  had  been  sold  for  the  same 
money  they  would  have  been  sold  each  for  one  halfpenny  more ;  what 
was  the  number  of  oranges  and  the  price  of  each  ? 

xxxni. 

From  the  following  equations  eliminate  the  unknown  quantities 
X,  y,  8,  and  find  in  each  case  the  respective  resulting  equation  : — 

2.  x+y+z  =  a,  x^+y*+%*-i^,  ar'+y*+2'  =  c',  aryzrri*. 

8-  x+y+z-a,  ar'+y' +«*  =  *',  -^ — I— =  ^,  xyz^d. 

X    y     % 

a  '  a?    y  ^h    8  '  <? 

5.  «*+y'+i*=3;Fya,  3a— a?+«  =  3^— y+a?  =  3(7— «+y. 

6.  aV+iy+c*8»  =  w'a?+»V+i^«>  ax^hy^cz,  a:»+y'+s'  =  l. 

7.  xyz  =  i^,  (ar+y)(y+8)(8+^)  =  c»,  ?+?+*  =  a,  ?+??+;-/3. 

y     z    X  z  *  X  *  y 

9.  «*  =  y«+8«— 2«ya,  y»  =  «•+«•— 2 Jxs,  «« =  «*+y*— 2f^y. 

10.  «*(y+«)  =  a»,  y«(«+«)  =  ^»,  »-(a?+y)  =  (j»,  (a?+y)(y+«)(s+^)  =  tfi^;. 

11.  {x+yy  =  4exy,  {x+z)*  =  4hxz,  (y+2)»-4flys. 

12.  a?+s-y,  («  +  ^)^+(*+r)8 -(/»+%,  a5a?+5«5- 1+ary. 

13.  2a?+8^0,  xh+2xy^^h\  ar'+y«+2js5-a',  «*y»-<?*. 

14.  a;»+a«-y»+5«-8*+c»-(a?+y+8)«+(a+J+^)»  =  m«, 

15.  ax+yzt^be,  hy+xz^^ao,  ez+xyab,  xyz^(^, 

16.  bx'\-ay=^z,  az-^cz^yj  ey+bz=ix, 

nx    V        X    z    X    y .  « 
y    a?         8  •  «         8    y 

XXXIV. 

Solve  the  following  equations : — 

1.  a:y  =  8,y2  =  25, 53=14.     2.  ary+ara  =  27,  ary+yz  =  32,  iP2+y2  =  35. 

3.  xy^  =  (^,  y7?  =  l^,  »p'  =  ej".       4.  s^yz  =  c^^  xyh,^b^^  xy^  =  ^. 
6.  07(1— y)  =  y(l— z)=2(I-a?)  =  a. 

6.  a:+y  =  «y,  a;+8»5a»,  y+8«ay. 

7.  «y  =  a(a?+y),  a3«i(a?+8),  y8  =  <?(y+8). 

8.  <y+«)-«',  «(^+y)-*',  y(«+«)=«'. 

9.  <a?4-y)«10,  y(y+«)«2l,  8(8+ar)«24. 
10.  «y«-a\a?+y)«^(y+«)  =  c»(a:+8). 


f  \ 
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5.  a?« + «(y +«)  =  y*+tf (x+a?)  =»  2*+a(a?+y)  «  R 

7.  j^+i/'^mxi/,  x+z^^nxz,  y'+2*=j9y«. 

8.  <«-y)(y-«)  =  0,  (y-l)(a:+«-l)  =  0,  (8+l)(:p+8)  =  0. 

9.  (^+y)(a:+2)=a«,  (^+y)(y+«)=6S  («+8)(y+8)-c^, 

XXXV. 

1.  a?y+a  =  26,  d;j2;+y  "==  29,  a7+y+«=15. 

2.  iP+y — 8  =  0,  xy+y%+xz^ll,  z* — a?'— y*  =  4. 

3.  ar+y+£  =  a,  ir'+y'4-8'  =  J*,  ara  =  ^. 

4.  a;r+Jy+c«  =  0,  i^ay+j'y+ns^O,  a;'+y'+8*  =  0, 

5.  a?*+y*+«»=  110,  iP+y+«=  18,  a?(y+»)  =  65. 

6.  «»+y»+8«=14,a^+y  =  3,  y+«*-ll. 

7.  d?+y +«  =  3<j,  xy-\-x% + ya  =  S^?*,  iry«  =  c". 

8.  irya  =  a?+y+«,  2a?+2«  =  y,  xy^x  —  %, 

9.  a;+y+8=:a,  y*+2«y  =  jr*  =  8*+2aw+2yit. 

10.  4?+2y+3«  =  20,  «»+4y*+9s'=136,  2ipy— 3aa-6y2  =  36. 

11.  ary+4»+y2  =  ll,  ^xy+Zxz-^-Syz^AZ^  3^+5a»+7y2»63. 

12.  a;*~y»«y»-8«,  «+y+a-13,  «*+y»+»«  =  75. 

13.  a(y+«-a?)  =  («+y+«)«-2*y,  K«+fl?-y)  =  (a?+y+a)»— 2^j:, 

c(a?+y— 2)  =  (a?+y+a)*— 2<M?. 

14.  y2+«a+a!y  =  a*— .jc'^J*— y*  =  <?'— a*. 

15.  a:y+a?2+«'=103,  yz+ya?+^' =  64,  zar+Ey+y' =  89. 

16.  4?+y  +  «  =  j?yz,  «y+da+ya  =  0,  (ar»+l)(y«+l)(2*+l)  =  24?ya. 

17.  ar(^+y+«)-(y*+y2+a»)  =  a«,  y(*+y+2)-(;^«+^+a^')  =  ^^ 

«(«+y+2)— (ar«+ary+y*)  =  c'. 

18.  ic"+ary+y««o»,  a;»+43+2'  =  i«,  y»+y»+2«  =  a«. 

19.  ^+y'+8'=57«^,  «*+y»+z*  =  21a*,  ip+y+2  =  3tf. 

20.  &F+a?y— y2  =  a;'— «',  ary+yz— aa  =  y*— ^,  y2+a3-^y  =  «'-<!^. 

21.  (ay  -  6«)(fa— t^y)+(6«  -  <jy)(<?«— «»)+(<?;?— fl2)(fly  -  *a;)  =  0, 

22.  a?+y+2=10,  y2+.r2+^y=l3,  (y+»)(«+a?Xa7+y)  =  294. 

XXXVI. 

X    y^  z    2 

2.   1-1  =  1,  dJ»+y'+«*«36,ii?+2y+3s=12. 
0?    y     « 
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I  m        n 

5.   ^-+    »    =-^,.   ?=l'=y=5,y'  =  J*. 

a^«    J — y     e—z 

0     z  ax  <'    U 

«''"y°?'  «■''«"»''  y  •  «    »* 
9.  ;j(;5+y+«)  =  a«,  y(;B+y+»)  -  i',  «(«+y+»)  =  e'- 

10.  (a:+y+«y  =  a!,  (a!+y+2)*'=y.  («+y+3y=«- 

ay  aw ?y_ 

12.  «  =  (i_aXl-y)'   y=(T^Xl-a)'*-(l-*)a-y)' 

a«-Hy— *«  _  iy+gg— g-g  _  ez+hx—ay  ^  4.y»+g'  =  }«+«« +a5. 

13.  -^i        -        J.         -        ^        '        ' 

«ar— ya  j>  ly—zx  g ^:Z?y_.^-i  =  T. 

15.   ^— + ^i 0«   a'+i'^** 

xxxvn. 

1.  Find   the   numter   of   rational   solutions    of    the    equation 

2.  If    )w'+V  =  *»(y-*)   and    >^'+<»y*  =  «y(*-«)    determine  the 
equation  which  connects  x,  y,  and  t  independentiy  of  a  and  >. 

8.  If  ?+|+i=l.  aod  ^+^+^-0,  then  shaU  ^+|i+^  =  l- 

4   nUi+i  =  0,and(J-o)':r+(g-a)»y+(«-*)'«  =  0;  "^^"^  «^*^^ 
«    y~« 

5.  If  W«y  =  «.  ««+««  =  *.    ay+J*-^   aiid  2«  =  a+J+«;    shew 

4i,«t  *+i  y+1  ?±1 - 

*i^*ii:i-^-i=ri-(,_aX.-J)(.-o  ^^ 

6.  Eliminate  a  ttom  the   equations  -^=^-,=-^j.     «»* 
proTO  that  a<y'-*')+2y(«?-  *')+4a(«»-y')  =  0. 
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7.  If  any  one  of  the  following  equations  be  true,  proye  that  other 

two  are  also  true,  ar+y(l— »')*+«(l— y')*-0> 

y+a(l-;^)»+ar(l-a«)«  =  0,  g+a:(l-y»)»+y(l -«»)»- 0. 

8.  From'«r+iy  -a  =  (»»V+n'**+<J*)*  =  »%"*  =  rn'oa?-*,  fin4  an  equa- 
tion which  does  not  contain  a  and  b. 

9.  Find  the  equation  between  x,  y,  and  z,  independent  of  a  and  b, 
from  the  equations  <i* +ar  =  y,  J* + J^?  =  »,  a* + J*  =  1 . 

10.  Given  the  equations  a;"  =  - — -  and  y= -j  shew  that  if  «be 

1+E  1-i* 

eliminated,  the  following  equation  will  hold  between  x  and  y, 

11.  Eliminate y and* from  the  equations y+«=- a, a^+y'- 2 ?»^y  =  i', 

a^-\'S^+2mxz  =  (?' ;  and  shew  that 

^  ,  (<»+^+g)(  -  g+^+g)(<>  -  b+c)(a+b^e) 

4ii»(l-i»») 

12.  The  equation  {a+(a'-^y«)»}-{*+(^-a»)*}-{tf+(c'-iy)*}«a?yz, 
is  equivalent  to  the  equation  (^x+b*if+e^Z'=2abe+xifz  when  :p,  y,  z 
are  finite  quantities. 

13.  If    ^^(«/-«')^andy(^-'^'>i;  then  shall  ^1?l*  =  i;. 

y  «  « 

14.  In  the  system  of  equations  a(l+y**')+J(y'+«')+^«  =  0, 
a(l  +«»a;*)+i(a'+^)+C2Lr  =  0,  «(1  +xy)+b{x'+y^)+exy^O ;  prove 
that  if  a*—b*+bc=^0,  any  one  of  the  equations  is  deducible  £rom  the 
other  two. 

15.  Find  the  value  of  a  from  the  equations 

Zx+af/—z-0,  ffjc— 2y+3z  =  0,  ar+3tfy— 2«  =  0. 

16.  If  2g— 3y  =  ^^  "  '^' ,  and  2<i~3g  =  (-V— ^)' .  then  ar+y+«  =  a. 

y  8 

17.  If  a?(2a»— 32:»)»+y(2a'— 3y«)»+«(2a»— 3a«)»  =  0,  where  a«  stands 
for  A-'+y'+t*;  shew  that  (jp+y+i)(— J?+y +«)(«— y+s)(a?+y—«)  =  0. 

xxxvin. 

1.  Find  three  numbers,  the  third  of  which  exceeds  the  first  by  5, 
such  that  their  sum  multiplied  by  the  first  is  48,  and  the  sum  multi- 
plied by  the  second  is  128. 

2.  Find  a  number  greater  than  100  and  less  than  1,000,  in  which 
the  middle  digit  is  double  of  the  first,  and  if  the  first  and  last  digits 
be  interchanged,  the  number  is  less  than  what  it  was  before  by  99 ; 
also  the  sum  of  the  squares  of  the  digits  is  21. 

3.  What  three  numbers  are  those  which  have  the  sum  15,  the 
sum  of  their  cubes  495,  and  the  difiference  between  the  first  and 
second  equal  to  the  difference  between  the  second  and  third. 

4.  There  are  three  numbers,  the  difference  of  whose  differences  is  5, 
their  sum  is  20,  and  their  continued  product  ISO ;  find  the  numbers. 
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5.  Find  three  numbers  such  that  the  quotients  arising  from  the 
division  of  the  product  of  eyery  two  hy  the  remaining  one,  are  u,  h,  e 
respectively. 

6.  There  is  a  number  consisting  of  three  digits,  the  left-hand  digit 
being  equal  to  the  sum  of  the  otiher  two ;  the  product  of  the  two 
right-hand  digits  is  equal  to  the  sum  of  all  the  three  digits  increased 
by  2 ;  also  the  number  itself  divided  by  the  sum  of  the  digits  is  equal 
to  53.    Find  the  number. 

7.  There  are  ftroe  numbers  such  that  the  sum  of  the  first  and  the 
second  added  to  their  product  is  equal  to  a,  the  sum  of  the  first  and 
third  added  to  their  product  is  equal  to  h,  and  the  sum  of  the  second 
and  third  added  to  their  product  is  equal  to  c;  find  the  three 
nombairs  {JHaphantm). 

8.  If  the  difference  between  any  two  of  four  given  numbexB  be 
muItipLied  by  the  difference  betoeen  tlie  remaining  two;  find  the 
relation  whicli  exists  between  the  three  pfioduets  whidi  may  be  tiius 
formed. 

9.  There  are  two  fraetiens  sueh  that  the  fractions  formed  with  the 
sum  of  their  numerators  £or  a  numerator,  4uid  the  sum  of  their 
denominators  for  a  deuMninator,  is  |  of  the  greater  fraotion:  and  the 
fraction  sinularly  formed  with  the  diffsrenoe  of  the  numerators  and 
denominators  is  equal  to  ^.  Also  the  sum  of  the  numerators  is  equal 
to  twade  ihe  difference  of  the  denominators :  find  the  fraotians. 

10.  If  the  sum  of  the  three  sides  of  a  right-angled  triangle  be  bS 
lineal  units,  and  tiie  product  of  the  three  sides  contain  4^2010  cubic 
units,  what  are  the  lengths  of  the  sides  of  the  triangle  ? 

11.  A  bar  of  metal  consisting  of  a  mixture  of  ^d  and  silver  is 
worth  £310  lis.  8d.  If  it  were  aU  gold  it  would  be  worth  £841  Is., 
and  if  the  proportions  wece  changed  it  would  be  worth  £58>6  14s.  4d. 
Find  the  pnee  of  silver  per  ounce,  that  of  gold  being  £3  17s,  lO^d. 

12.  Find  the  English  word  which  can  be  fornked  with  the  four 
letters  whose  places  in  the  alphabet  are  denoted  by  the  values  of 
«,  s,  y,  2  in  the  equations  Sff+ta  »  390^  xz+u^f  s  389,  tuHrffl^  =  2^0, 
t<xy2«  19800. 


1.  (tf+a?)«+2(a— «)-  =  4(a»— «^)«. 

2.  Determine  the  value  of  a?  in  the  equation 5 —  nr  • 

3.  Determine  the  values  of  x  and  y  from  the  equations : 
(1)  ar^  -  a,  x'l^  -  h. 

«  ©■(!)'-.(l)*(D'-*-  <»>  ©■•©"-©"•©■ 

§8 
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4.  Find  ^,  y^  z  from  the  equations — 

( 1 )  afy^z''  =  w,  x*y%^  =  n,  afy^if  - ji. 
(2)  aiTy^^aj  jr*""^  z'^af^e. 

5.  If  d^  «  y*,  a;"  =  y",  find  the  valaes  of  a?  and  y. 

6.  Given  a;'-«  =  a;(2  -  aT"'),  Bhe\r  that  (-2)  •    is  one  of  the  value* 

of  a?. 

Jo 

7.  Ifa;»«-i.^Il^(af+«*);  shew  that  a?- |  g|  J     . 

XL. 

1.  What  valaes  of  x  render  the  following  expressions  square 
numbers? 

(l)a:±ii.     (2)a:»±l.     (3)  2«*±a.     (4)  a+Jar+rr'.     (5)  6a^+18a?+6. 

2.  Solve  the  following  equations : — 

(1)  5a:+7y-2y  =  ay.      (2)  3y-a;y+4a?+2  =  0.      (3)  a;»-y»-60. 
(4)  2a?y+a?+y- 195  =  0.     (6)  a;"+2y*  =  59.     (6)  a;'— 7y*«l. 
(7)  2a?(a?+y)+y«-6(y-8)  =  0.       (8)  ar+y+ay  =  79. 
(9)  ar«+ay— 4a?— 3y«  27.       (10)  a^—y«—100y  =  1,000. 

3.  Find  two  square  numbers,  (1)  whose  sum,  (2)  whose  difference 
shall  be  square  numbers. 

4.  Find  what  pairs  of  rational  values  of  x  and  y  will  satisfy  the 
equation  (a?— a)(y -h)± {x^c){y^i)  =  0. 

5.  Find  the  limits  for  the  real  values  of  x  and  y  which  satisfy  the 
equation  ar'+4a?y+4y'+4a?+8y— 21  «0. 

I        6.  Find  three  numbers  in  arithmetical  progression  that  the  sum  of 

,  every  two  of  them  may  be  square  numbers. 

I  7.  Find  a  series  of  positive  integral  values  of  a?,  y,  s  which  satisfy 
the  equations  a^+y*  =  (y+l)*  and  a^+y'+a' =»(«+!)•,  and  shew  that 
if  a^'\'i^  be  a  complete  square,  y  is  not  greater  than  ^(a^+1)  nor  less 
than  (2a;+l)^ 

8.  To  determine  three  square  numbers  which  shaU  be  in  arithme- 
tical progression. 

9.  The  number  of  men  in  a  regiment  is  such  that  they  could  be 
formed  into  a  solid  square;  and  they  could  also  be  formed  into  5 
hollow  squares,  each  5  deep,  and  each  square  having  5  men  more 
in  the  front  rank  than  the  former  square  \  find  the  whole  number  of 
men. 


BESULTS,    HINTS,    ETC.,    FOR    THE    EXERCISES    ON 
EQUATIONS  OF  THE  SECOND  DEGREE. 

1. 

1.  See  Section  y II.,  p.  2. 

2.  See  Arts.  1,  2,  pp.  1—3. 

3.  See  Art.  4,  p.  4. 

5.  See  Art.  6,  p.  6. 

The  equations  are  SB«-7x+ 12=0,  «•+ 7a? +12=0,  aj«-a:— 12=0,  «*+«-12=0. 

6.  When  the  two  roots  of  a  quadratic  equation  are  equal,  the  equation  may  ho 
said  to  have  one  root. 

7.  The  natnre  of  the  question  will  determine  its  meaning  to  be  of  a  contraiy 
nature  to  what  it  would  have  been  if  it  had  been  positive. 

8.  The  square  root  of  every  algebraic  quantity  is  both  positive  and  negative. 

9.  ««- +-=0. 

n       n 

10.  o-S,  &=-l,  c=-2. 

11.  Reduce  and  arrange  the  terms  on  each  side,  and  compare  them. 

12.  The  factors  are  2;+13  and  2+60. 

13.  By  solving  the  equation  mn  (««  + 1)  +  (m»  +  n^)x=  0,  x=  -  - ,  and  a?=II?, 

n  m  ^ 

.',  x-\--=0,  and  x+~ =0,    .*.  »+ -  and aj  +  -  are  the  factors  required, 
n  tn  n  m 

14.  As  the  equation  a:'  +  (a  +  &)a;=3ad  admits  of  two  values,  each  may  be  substi- 
tuted for  X,  and  two  values  of  the  expression  may  be  obtained. 

II. 

1.  2' +  4a;  =3  5,  complete  the  square,  a:^+ 4a; +  4=9.  Extract  the  square  root  of  each 

Aide,  a;+2-±8,  .'.  a;- -2±3,  that  isa^l  and -5.  ' 

2.  a;«5and  -1.        8.  a; « 8  and  -4.        4.  a; » 12  and  -1.  ^ 
5.  aj=17andf.        6.  a;-l  and  -6.        7.  z^i(7±^/l7). 

8.  a;-4(10±>/80).        9.  a;-A(18±\^lS7).        10.  a;=6and--^. 

11.  a;-60  and  -43.        12.  a;=i  and  -J.        18.  «-t^  and  ^,  I 

14.  ss^''7Z±y/2ll5  15    ^.j  ^^  jJ6  ^^    a; -87  and  -12.  1 

17.  a;-i(5±v^24026).        18.  a;-^(7±>/241).        1%  ««4(-21±x/321). 

1M).«;=-819and-001.    21.  a;=r:?75±^07 

'0015 

22.  fl;-i(-12'25±>/156'255).        23.  a;«6and0. 
^        ^.    ^     ^(15+7^/8)±^/(lg6  +  90^/8) 
*        -**•  *    2(9  +  573)  ' 

III. 

1.  x«l(8±>/5).        2.  ar-8  and  -1. 

1      1 
8.  Clearing  from  firactions  the  equation  a; +_-- becomes 

16a;«+l=8x,  or  (4x)«  -2(4a!)  +  l  -0  ;  .-.  (4a;-l)»-0,  «•}  anl  i. 
4.   3x+?=10,  then  3u;«  -  10j:=  -  3.     Multiply  each  side  by  8, 

X 
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••.(3a:)«-10(32-)=-9,  completing  the  square,  (3a;)« -10(8k)  +  25«25-9=16  ; 
.*.  Bx-5  =  ±i;  .\  3a;=9audl»  and  2=8  and  i. 
5.  J!;=4aaid2.        6.  x=8  and  -2.        7.  a:=— 1±>/2. 

8.  Clearing  ihe  «qnation  faom  ftactions  6a;^  -  a;:^  >  57.    Hultiply  by  6» 

.-.  (6a;)«  -  (6a:)=  -  842,  from  which  x^-^l±>^  - 1867). 

9.  a;a=? — L ,  clearing  from  fractions  847a;«  -121aj-  4, 

7     847 

and  (77a;)a  -ll(77a;)=-28,  fix)m  which  a;=i-  and  A* 

11         77 

10.  it,=:fV(  -*±'s/793).        11.  The  equation  reduced  is 

a;5  -  ix—0,  or  a:(a;  -  4) ;  .  *.  a;=0  and  aj= 4. 

12.  x=-l±%y7.        18.  a:=-2  and  2.        14.  ar=J(- 1+^/57). 

15.  05=2  and  -f.         16.  x«2andii.        17.  a;=i(l7±>/109). 

18.  a;=^(-5±v/549).      19.  a;=3and -4.      20.  a;=§  and  i-      21.  a;=25and  I, 

lY. 
These  examples  may  be  reduced  to  the  form  of  a  quadratic  equation  by  assuming  1/ 
for  the  unknown  power  or  root  in  the  second  term  of  the  equation,  and  restoring  in 
the  solution  the  value  of  y. 

1.  a5*+12a;»— 18.  Let  x^=y,  then  y« +12^=13,  and  completing  the  square^ 
y»  +  12y+86=13  +  12=26;  .*.  y +6=±5,  andy= -6±5=-l,  and  - 11,  restorinij 
thevalueofy,  «»=-l,  aiida;«=-ll;  .'.  a;=±(-l)*  and  ±(-ll)». 

2.  dx  +  a^^l.  Let  a?*=y,  then  3?/*+2y=l,  and  from  this  equation  y=^  and 
-  1, 1'estoring  th«  Tiliie  of  y ;  . '.  a;*— ^  and  - 1,  and  «= J  and  + 1. 

3.  6x^-^5x^=  -  592,  changing  signs  of  the  terms  of  the  equation  5x*  -  6-^* —592. 
Let  y=x*i  then  5y«  -  6y»592,  and  y=i(3±  V'2969),  restoring  the  value  of  y, 

.-.  a;'=-J(3±v/2649),  and  a:={i3±s/2649)}i 

4.  ^=±{4(44±>/1911)}i.         o.  a;=±lland±  |  ^^|^  |  *• 

6.  x=t^  and  -^"^.         7.  x=2  and  -1.        8.  ic=a2ia  and  -2a. 
4  4 

U  9.  ^;=land  -2.        10.  aj^^-SrpV- 7).        11.  a;=±{4(a»±t/(a*-4i*P  i. 

12.  .r=8  and  ???.         13.  a;=±(3±2V2)i. 
49 

11.   a;=l±>/(^  +  8a')^        j5_  «=ij(o-2)±v'(a«-4a)|«. 

4a«  "^  ^ 

16.  ic=4and  -2^        17.  a;=(4l)*  and  +9.        18,  j?=9  and  5  +  (25)*. 

19.  a;=81  and  ( -  2)**.        20.  aj=±8  and  +  ( -  ll)i 
21.  :/•    ±{i(44±v^l910}».  22.  a;=3«  and  |  ^  (   • 

23.  a-=l  and  ( -  5)J.  24.  a;=±(ir  and  ±(  -2)-*. 

25.   a:=2«  and  |  ^  |  *'.        26.  jc==3»  and  ( -  28)1 

27.  a;=16and(-33)^. 

V. 

1.  (a;^  +  4)«  — 5(a:'+4)=44.  Let  ac«  +  4=2/,  then  the  equation  becomes 
2/*  -  5y=44,  and  y=i(5±  t/201),  restoring  value  of  y,  and  ««  +  4=-i(6±^/a)l), 

.-.  a;»=-4+J(5±>/201),  anda;=±{-4+4(5±v^20l)}». 

2.  (y;2  +  5)«=7+a;%  (x«  +  5)' -(u;*  +  5)=2.  Let  a;«  +  5=y,  then  y«-y=2,  y 
may  be  found  as  abore. 


35 

8.  {x^+7x'h5)*-Sx*-^21x=19,  subtracting  15  from  each  side  of  the  equation, 
(x*  +  7a;+6)«-8(aj«  +  7a;  +  5)-4.      Let  a?' -f-7«  +  5-"y,  then  y«-8y-4,  and  y=4 
aud  —  1,  and  restoring  the  valnes  of  y,  there  arise  two  equations  as'  +  7a;  +  5  •■  4  and 
^ -  +  7x  +  5=  ~  1,  from  which  the  values  of  x  can  be  determined. 
4.  a;*  -  5x  - 19= (x^  -  52  +  l)i  is  reducible  to  the  equation 

(x«-5a;+l)-(aj«-6aj+l)»-20.    Let  (a;«-5jr  +  l)»-y,  then  y* -y-20. 
5   0aj  -  4z*  +  (4x»  -  9aj+ 11)|=5,  may  be  reduced  to 

(4aj«-9aj  +  ll)-(4x«-»a;+ll)»0. 

6.  The  same  remark  applies  to  this  equation. 

7.  6a;(x-l)-8{3(a;-2)(aj  +  l)2-c}»=4(»+8).      By  transposing  4(a;  +  8)  and  re- 

Jacing  the  terms  the  equation  becomes  2(32*  ~  52  -  6)  -  8(3x*  -  52  ~  6)^ «  0. 

8.  The  equation  82*  +  82 -  (282«  +  322)* - 12  -  42',  may  be  reduced  to 

(72«  +  82) -2(72«  +  82)»= 12. 

9.  2«+8-2{(2«  -2«+2)*+2}  is. reducible  to  (2«  -22+2)-2(2»  -22  +  2)*=  -1, 

10.  72 -  2*  +  (22*  - 142 + 20)*=»  10.     Multiply  each  side  of  the  equation  by  2,  and 

(22» -142  + 20)- 2(22«  - 142  + 20)»-0. 

11.  -^+-JL.»?}.    Multiply  each  side  by  2,  and -^+—i^=21. 

2  +  4^(2  +  4)*       X  ^'  ^      *  2+4^(2  +  4)» 

Lety= — ^,  theny«  +  4y=21. 

(2  +  4)» 

12.  2  +  4+ jiii  {*.-!?-.  Multiplyby2-4,  nnd(2'- lC)  +  (2«-16;»-12. 

(2-4)       «— 4 

^3    10(82-15)12(1 12-15)^^3^,      3    reducin-  the  left  side  of  the  equation 

2* -42  +  5        2»-62  +  6  ^  * 

•^  1  -522»  +  782'  «o  •  —42  +  6 

it  becomes -no* =i3a;«,  or ZiU.— .n 

(2»-42+5)(2«-82  +  6)  (2«-42  +  5)(2«-e2  +  0)       ^' 

and  2* -102«  +  852« -542+80=6-42; 
.'.  »*-102»  +  852«- 502+24=0, 
and  «♦  -102*  +252«  +102»  -6O2-  -24, 

or  (2«  -  52)«  + 10(2*  -  52)=  -  24. 
Let  2«  -  52=y,  then  y«  +  10y=:  -  24. 

14.  2        (2+2)*     _17 Multiply  each  side  of  the  equation  by  4(2+2)1, 

(2+2>f^      2        4(2+2)*  ^' 

and  8  +  2(2+2)»=17(2+2). 

15.   2 + 5? .11?.    Multiply  each  side  by  252, 

2* +2  +  5^(2* +2  +  6)*     252  ^^ 

then  -^—  +     25X52  5x  ^^^^    ,  ^  25y=ll6. 

2»+2  +  5^(2«+2  +  5)*      "'*•       ■^*(2*+2  +  5)* 

VI. 

1.  2»-122=16,  «» -42=82+16,  or 2(2«-4)=8(2+2). 

2.  The  equation  reduced  is  62*  +  II2 +6=0. 

3.  2»-8=-(2*-4). 

4.  2* -22* -42+8=0,  2«(«-2)-4(2-2)=0. 

5.  2»-2*=-(2*-l). 

6.  (2*+l)(2  +  2)  =  2,    2(2»+22  +  l)  =  0. 

7.  2»  -«2-  9=0,  by  adding  —82  to  each  side,  and  transposing  -  9, 

a;>— 92=-82  +  9,  or  2(2* -9)= -8(2-8). 

8.  2+72»=22,  2-8=-7(a:*-2).      9.  «» -2-2(2+ I). 

10.  2» +72=49(2+1),  2»- 492= -72 +  49,  or  2(2* -49)= -7(2-7). 

11.  Add4.-.2»  +  8=-2«+4=-(2«-4). 


86 

12.  aj»— 6aj«  +  10j!+8=0,  may  be  arrangedaj(a;«— 6a?+8)+2(a;-4)==0, 

ora<a;— 2)(a:-4)+2(x-4)=0,  or  (a;-4)(x« -2a;  +  2)=0. 
18.  «»-«:»  + 3a; -27=0,  or  (z* -27)-x(x-Z)=0. 

14.  ar=64  and  -J^ff^. 

15.  (a;-l)»=(a:  +  l)«+2,  ora;» -3aj«  +  3j;-l=a;«+2«  +  l  +  2, 

.'.  aj»-4aj'  +  2-4=0,  andaj(a;'  +  l)-4(a;«  +  l)-0. 

16.  aj»-8  +  4(a;  +  3)(a;-2),  .-.  a;»-8=4(a:+8)(a;-2). 

17.  The  eqoation  when  reduced  is  a;'  —  2a;«  + 1=0,  a;'(a?-  l)=a;*  - 1. 

18.  «= Sari  +  2.     Add  1  to  each  side, .a  + 1 =8(0*  +  1).       19.  a;*  - 1  =  -  af(.f4  - 1). 

20.  «^(a;-l)=-a(a;»-l).       21.  xl-l= -(a;>-l). 

22.  The  equation  may  be  put  into  the  form  (z-  xl)«  +9(a:— a;i)=«90. 

23.  «t-8a?J=2.     Addl,  .•.aj*+l=3(a»  +  l). 

24^   4(z»H-2z-h5)a;^4(5a:»+z»-l)^5g;^  by  dividing  each  side  by  4a:^ 
4a;*  4x*  4a:* 

X  a;*  4  a;  a:*     4 


whence  ^aj-lj-sfaj-lW    -2. 


VII. 

1.  a;*-4a:+8-0,  (a?*-l)-4(aj-l)=0,  aj-1  is  a  factor, 

then  (a;»  +a;«  +a:+ 1)-4«0,  or  (aj»  - 1)  +  (aj«  - 1)  +  (a; - 1)  «0. 

2.  »*-6-6a;(«'-«-l).    aj*-5a:»  +  5aj«  +  5aj-6=0,    (a;*+5a;»-6) -5a-(.c« -1), 

(a?*  -  l)(a;«  +  6)  -  5a<a;«  - 1)  -0. 

4.  x^-~2ax'  ^2abx+b^,  add  to  each  side  a^x^, 

.'.  aj*-2aaj+a*a;«=a«a;*-2a6a;+6«. 

5.  «<+«;« +  10a;«0,  a^a?* +aj+ 10) -0,  .'.  »=0, 

andaj«+a;+10— 0,  (aj»  +  8)  +  (a;+2)-0. 

6.  a;^H-4a:«- 82 -165-0,  add  and  subtract  4a;% 

(x*  +  4a;»  +  4a;«)  -  4(af«  +  2a;)= 165,  or  (x«  +  2a:)«  -  4(j;«  +  2j?)  - 165. 

7.  a;*+4a»x=a*,  «*"— 4a«x+a*,  add  2a*a;* +a*  to  each  side, 

.*.  aj*  +  2a»x«+a*=2a«x«-4a»x+2a*=2a'(x*— 2aa:+o'). 

8.  (x«  + 1)» — (x'  -  l)"(x  - 1)«  —0,  the  equation  reduced  becomes  (x*  +x*  +  l)x  «0. 

9.  x*  +  (l-x)*— a,  orx*  +  l~4x  +  6x«-4x»+ar»-a, 

.-.  x*-2x»  +  3x«-2x=J(a-l),  and  (x*-2x»+x^)  +  2(x' -x)-4(a--l). 
10.  1  +x*  «a{l  -  x)*.     The  equation  reduced  becomes 

.  .   1        4a    (^.  1  J        6a      ^ 

X'+— -.xX  +  ->   a r«aO. 


X 
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11.  a(l  +x*)«2x(l  -  x*)*,  the  equation  reduced  becomes 

x4  +  i.+A|x'-JL{  +2-0. 
X*    a«  (         x«  ) 

12.  X'  (x'  +  16x)  +  80x(2«  - 1 ) = 45  +  2x,  the  equation  reduced  becomes 

(x«  +  8x)«-4(x«+8)-45. 
18.  x*-2x»+x-12,  (x*-2x»+x«)-(x«-x)«12. 

14.  X*  +  46»(1 + a«x* )* = c*.     Multiply  each  side  by  a*, 

then  rt«x*  +4a«6«(l  +a»x*)»-a«c«,  add  1  to  each  side 
and(l+a*x*)  +  4a»6«(l+a«x*)»-l+a*c». 

15.  (a+x)*  -  (a«  +x«)*  •4a«x*,  the  equation  reduced  is  4flx{a«  +x*)  —0. 

16.  x«(x«-18)--4(x+12),  orx*-18x»  =  -4x-48,  add  4x«+49  to  each  side, 
and  X*  -  14x«  +49-4x»  -  4x+ 1. 

17.  (4x-2)*-(8r-l)*-(2x+4)*^(x+8)S  by  transposing 

(4x— 2)*— (2x+4)*  — (3x- 1)*  - (jr+S)*,  which  when  reduced  becomes 

20(x«  +  l)32x  -  10(x»  +  l)12x. 
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18.  By  transposition  (jj«-l)*-2(»«-l)*(a:-2)»+(a5^2)*-4iB« -12a5+9,  ex- 
tracting  the  square  root,  («•-!)«— (a;- 2)*  — ± (2a: -8),  taking  the  positive  value, 
(x«-l)«-(a;-2)»=2iJ-8-2a;-4  +  l=2(«-2)  +  l. 

19.  ie«(«+l)(«+2)(aj+8)-9.     Divide  by  16,  .-.  aj(aj  +  l)(a;+2)(a;  +  8)-:l. 

16 

Since  sc(x+l){z+2)(x-l-S)  is  the  product  of  four  couseeutive  natural  numbers,  if 
1  be  added  to  this  product  it  becomes  a  complete  square. 

9      25 

. ',  x{x + 1)(« + 2)(a:  +  3)  +  l=l  +  — =— ,  and  extracting  the  square  root, 

16    16 

.*.  a;*  +8a;+l=±-,  from  which  equation  the  four  values  of  x  may  be  found, 

6 

20.  (aj+l)(a;+2Xa;  +  8)(a;  +  4)=48,  and  (aj+l)(a5+2)(aj+8)(a;+4)  +  l=49,  extracting 
the  square  root  a;*  +  5a;+5=s±7,  from  which  the  values  of  x  can  be  determined. 

21.  8(aj«-l)+8a;«(aJ*-l)=0,  (a;«-l){8(x*+aj«  +  l)  +  8x'}=0, 

(aj«-l)(3aj*  +  llaj«  +  8)=0;  .-.  a;« -1=0,  and  8aj*+lla;*  +  8=0. 

22.  «*-8a;»+10a;»+24aj+6=0,  aj*-8aj»+16a;«-6aj»+24a;+6-0, 

or  (a;«  -  4«)«  •*  6(a:«  -  4aj)  +  6 —O. 

23.  (1  +a;»)  +  (1  +a;)«=2(l  +a;+a;*)*.     The  equation  when  redoced  becomes 
8j;»(x*  +  8a;» +  4a;«+3a:+ 1)=0; .-. 8ar« -0 anda;* +8a:« +  4aj*+Sa;+l=aO,divideby.r', 

.-.    (aj*  +  2+LW8(a:+iW2=0. 

24.  a:*-2a;»  -  3a;»  +(2a;+86)=0,  x*  -  2x*  +x*  - 4»«  +  12aj+86=0, 

or  (x«-a;)«-4(aj* -a;)  +  86=0. 

25.  (a;*-2»«  +  l)+aj(a;«-2a;+l)=:0,  (a:+l)«(a:-l)»+ar(x-l)«-0, 

or  (aj-l)«{(a;+l)»+aj)  -0, .'.  (a;-l)«-0,  and  (aj+l)«+x=0. 

26.  See  Example  23. 

27.  fl:*-12a;»  +  44a:«-48«=9009,  aj*-12a:»+86aj«  +  8aj«-48a5-9000, 

or  (»«  -6a:)«+8(a5»  -6a;)-9009. 

28.  «*+l?a;«-89a;=81,  8aj*  +  18aj»-117a;=248,  8(aj*-8l)  +  13a;(««-9)-0. 

o 

29.  —  =?^li?-,  h^x*  +  aj»  «a*6*  +  a*b*x\ 
a*b*     6«+a;* 

(a;«  - a*ft*)=  -  &*a5« +a«6*aj«=  - d*a;«(a;*  - a«5'), 

.-.  (aj*-a«d«){a;*+a«6»+6«aj«}=0. 

80.  »*(a^^  -  ^O^ggO  may  be  expressed  thus- 
«•-«•        981       •' 

a;*(g*+a«)(z»-a')     ^850 

(«•  -a^)(x*+a^x^  +a*)'"98l' 

VIII. 

The  equations  under  this  number  offer  no  difficulties  in  reducing  them  to  the 
required  form  for  solution. 

IX. 

1.  l!±2a.+i^Z?=i£zl,  2+-?-+2— ^-4+.J-5 

aj  +  8      2a;+l     x-1  aj+8  2a;  +  l  aj-1 

A  r  A 

or  -— = ,  which,  when  cleared  of  fractions  and  reduced,  becomes 

a;4-8    2a:+l    aj— 1 

5aj*  +  87a!=0. 

2.  The  equation  cleared  of  fractions  is 

a;* + 10aj»  +  19a:«  -  80aj  -  aj*  +  lOaj*  +  86aj«  +  60» + 24. 
8.  The  equation  reduced  is  2a;«  -  882*  + 18--0. 
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6.  The  reduced  equation  is  «' +27a;  -28-0. 

7.  The  reduced  equation  is  a;'  -  4x + 3  =  0. 

9.  By  adding  the  fractions  on  the  left  side  of  the  equation, 

x^-lyx-li  i.,and80(jc«-5ar-14)-(«-l)(aj-2)(a5-8)(ar-4).    But 


(jc-l)(x-2)[x-d){X'"i)    3U 

tince  the  product  of  four  consecutive  numbers  increased  by  unity  is  always  a  com- 

]  lete  square,  add  1  to  each  side,  and 

30(a;?-5a;-14)  +  l  =  (x-l)(a;-2)(a;-3)(a;-4)  +  l=(a;«-5a;+5)«. 

10.  The  equation  reduced  becomes 1 =- . 

^  (a:-l)(a;-2)(a:-8)    6 

12.  By  combining  the  first  two  fractions  on  the  left  side  of  the  equation,  and 
then  the  other  two,  the  equation  becomes 

20(a;+8)«  4(a;-10)*  .     ^ 

(a;«  +  2«  -  48)(a;*'  +  9a;  +  8)    (a;»  +  10a:)(aj«  +  6aj  -  60}  ' 

or  20(-^  +  8)'       ,  4(g  +  10)«  ^^^^ 

(aj+8)(^-6)(aj  +  8Xic  +  l)    a-(aJ  +  10)(a:-6){aj  +  10) 
15.  By  reducing  each  term  of  the  equation  to  the  form  of  a  mixed  quantity,  the 
equation  is 

2j;  +  8  +  JL-+2a:  +  3  +  -J— =4aj+6  +  — ?— ,  and    '^     ■     ^  ^ 


a!-2  x-S  2a;-3  x-2    a:-3    2-c-8 

17.  On  reducing  each  side  of  this  equation  as  above  in  example  15,  it  will  be 
round  that  the  conditions  are  incompatible  or  inconsistent. 

X. 

1.   1±^-=L:^.,  the  equation  reduced  is  flWj'-(l  +  &+2aJ)ar-(l  +  a- 5) =0. 
l-ax    l+bx 

8.  £i__?LZf==JfLlLii£i,  this  equation  when  reduced  becomes 
x+b    x-e      x+b+c 

(2a  +  5+c)a;«-{2a6  +  3(6+c)«}aj+2(ft«c+Jc'+ac«+2a5c)=0. 

5.  ?L±££iiL=?_,  when  reduced  becomes  (x'+a')(a;>-aa;- a*) =0. 

6.  The  reduced  equation  is  (a  +  6  -  c  -  d}x*  -f  (a'  -  <^x-\-a\a  +  h)-  c»(c + cO=0. 

7.  -^.±^ x-cd_^jh-cd_    i3  equivalent  to 

x*-a''b^    x^-c^d*    x'^-abcd 

"  ^     ,  whiph  when  reduced  becomes 


aj  +  o6     x-\-ed    x^—abcd 

2cdx^  -  {ab^cd)''x-2abc^d*=0. 
12.  The  reduced  equation  is  3a;«  -  2(a + ft  +  c)a:  +  6c + ac + ab—0, 

16.  Transposing  and =- ; ; 

a+x    a-c+x    o-c+x    o+x 


—c 


,  and  -(a+x)(a-c+x)=(6-c+x)(6+x). 


{a+x){a-c+x)    (b-c+x)(b+x) 

1 7.  The  reduced  equation  is  abx^  —  2abx + ab=0. 

18.  x=±(aft)». 

19.    J_i_._JL_U}  _1 +_i_Uo 

(x+(a+6)    x-(a  +  6))       lx—{a—b)    x+(o-6)l        ' 

2x  2x  « 

or ,     + 7^    .    =0. 

x«-(a+ft)«    x«-{a-fc)» 
20.  Reduce  each  torm  to  a  mixed  number,  and  2  may  be  removed  from  each  side, 
and  then  each  side  is  divisible  bv  a— 6,  and  the  equation  becomes 

1.1^       8 3        . 

x-a    x-b    x  +  a— 2A    x+J— 2a  * 
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wbence  9(aj-a)(aj-6)=s(a;  +  5-2a)(aj+a-'26)  and  4(a5-a)(aj-J)=-(a-6)«,  wMch 
givM  two  equal  roots,  each  i(a+6). 

21.  aJ=±J{26c(l±^/2)}*• 

28.  By  clearing  the  equation  from  fractions  it  becomes 

{a«+&«+c«+8(aft+ac+6c)}z«-8(a  +  ft)(6+c)(c+a)» 
«  -  {a*b*+bU*  +c«a>  +8(a+d+c)a4c}. 
24.  By  aggr^gatiog  the  tenns  on  the  left  side  of  the  equation  it  becomes 

9x*-\-(a+b+c)x*-{ab+ae+hc)x'-^bc    ^ 
(»-a)(x-ft)(«-c) 

XI. 

1.  (8a;- 2)K2x + 8)^  •  12.     By  squaring  each  side,  (3a;  -  2)(2a; + 8)  *  144,  and  the 
reduced  equation  is  6jb'  +  Ss;*  150. 

2.  (a;«  -  8a;  +  7)»  +  (a;»  —  4* + 6)* — 1 4.    This  equation  reduced  becomes 

788a;«-2746a;«- 88321. 
8.  The  reduced  equation  is  6x*  -  7x  -  54  »  0. 

5.  By  squaring  this  equation,  and  reducing,  it  becomes 

(a;^~8a;+15)Ka;'  +  2sB-15)t-"«*-8a;+9.    Squaring  again,  and  reducing;  the  re- 
sulting equation  is  48x*  -  204a; + 806  *  0. 

6.  The  reduced  equation  is  8a;*  +  2(a + 5  +  e)a; «■  (a + 6 + c}*  -  iab. 

8.  Here  x«  +  a;  - 4  »x»(a; + a;»  +  2), 

.-.  ^ll^^-a;«+a;*  +  2,  or  ?!zi+a;l=a;+a:»+2,  or  5lli-«  +  2. 
a^  s^  ari 

9.  Since  {a-b)*  »a'— M  - 8a5(a— 5).    Employ  this  form  in  raising  each  side  of 
the  equation  to  the  third  power,  and  it  becomes  x^-k-ax-a^^O.     Otherwise,  diyide 

each  side  by  (a*— a;*)i,  then  ]  ?Jt^  >   -  f  ^Lll?|   <■!,  and  raise  each  ude  to  the- 

Ca-x^        Ka+XJ 

third  power. 

10.  The  equation  reduced  is  (a;«  -  4a;)«  -  4(a;'  -  4a;)  +  20 = 0. 

12.  Add  a;+ 1  to  each  side,  and  a;^  +  2a;+ 1  ^x+lix^  +  49. 

16.  (a;*-l)«  +  (»«-l)»-a;*,  (a;* -l)i-a;»-(x«-l)»,  squaring  each  side 

a;*  -l-x«  -2a;»(««  - l)»+x«  -1,  .-.  2x(a-.«  - l)*=x*  -x»  +  1, 

and  squaring  this  equation  and  reducing,  it  becomes 

/x»--LV  -2/a;«  --LWi-0,  whence  a;-±^/i(l±^/5). 

19.  The  equation  reduced  is  a;*  -  8a;*  »11. 

20.  (a;"^+iri  +  (x"*-l)~»-ix*,  by  changiog  the  negative  to  positive  integers,, 

i    X*     )*     i    a;»    )*      J 

the  equation  becomes  < t    +  { ?    •» 

-  -  112 

—1,  squaring  each  side +      ■  •+ i""^» 


(l+x^)*    (l-«*)*  1+x*    1-a:^     (1-«T 

or  — H-.+--JL- -1,  and  -1-  +  — L— -1. 

l-«»     (l-a;»)»  l-»»^(l-x»)»    2 

21.  Clearing  the  equation  from  fractions,  x*  +  2a;^  +  9a; + 8a;*  + 16  »  0, 

or  (a?+a;*)«  +  8(a;+a;»)  +  16«0. 

XII. 
1.  g+a^^gg'  +  g^  the  equation  being  reduced  becomes  z+a^m9. 


40 

2    ^Jlf^.^llf.  ^lzf-^1^-0.  and 

C    4        a5-ac*>  4        x-jc* 

4.  BatioiuJue  tiie  dfloominatan  on  each  ode  of  the  eqiution,  and  the  equation 

rfdnced  gi^es  x^^^\  and  two  other  Talaes  each  zerou 

5.  «=±(fl5)». 

6.  Bationalife  the  denominaton  of  tba  left  nde,  then  extract  the  aqnaie  root  of 
each  aide,  and  the  eqoatimi  redneed  ia  &e* — Sl2a;+ 2703 — 0. 

7.  £li^Llf!}!«*,  the  equation  reduced  U  (a: -a)(4/7x«+8a»ar+ a*) =0. 

8.  The  reduced  equation  ia  2;^(a;«  -  2a'  +  1)«0. 

9.  The  equation  reduced  la  (1  +  2c)a:«  +  2a<l  +  c)ar + a*— a<c*  ^  0. 

10.  -£±£.  +  iLl£--2ai,  (a+fl:)5  + (a- aj)«-2a*(a* -««)». 
(a-ar)*    (a+x)* 

Squaring  each  aide  («+«)•  +  (a-ar)»  +  2(a*  -  «*)*  «4fl(a*  -  x») 

and  5<»5«  -a» -(o« -«*)*,    . '.  25a«ar»  -  lOa^x*  +a«  -(a^ -a:-)% 
whence  «*(«*  +  22a«aj«  -  18a*) =0, 

11.  The  equation  reduced  is  x^x*  - 1, 

12.  The  reduced  equation  ia  4a&«ic(a-x)*. 

18.  The  giren  equation  may  be  reduced  to  the  form 

aj  +  ft      <       2aj+ft+cl  2a;+6+c    (2SC+6+C)** 

14.  Snbtnu^ting  unity  from  each  aide,  the  equation  hecomea 

{x-ay-{x-by  ^  -8g?«(a-d)  +  8a<g«-6«)-(a«-d»)     -8(a-ft) 
{x-by  {X'by  ■■x+a-26' 

Hence  -8a;*  +  8{g(a+ft)-(a«-Hat-f&«)»,  ""^^"^^\ 

(a?-fc)  +  (a-d) 

- -8{(a;-ft)«  +  (a-&)(«- ft)  +  (a-5)«+A(^:^  |. 

--8aj'  +  6aj6-8J«-8aaj+8fo;+8{a-5)&-3(a-6)«-^^)!, 

aj+a— 26 

.-.  6(a-6)a;--2(a-JXa-4*)-— ^--^!!,  and  dividing  by  a -6, 

6x+2(a-4&)«-Ji^L:i^. 

a;+a-26 

XIII. 

The  exerciMB  under  thia  number  are  pure  quadratic  equations. 
1.  (40-a;)«.^5a;«,  .*.  ±>/5aj=40-as.(±>/6  +  l)z=40,  and 

±n/5  +  1     (±v/6+1)(±^/6-1)  6-1  ^"^2^V»     i;- 

2-   «=^^-         8.  aj=±8*.         4.  «=±1.         5.  ic=*>/?. 
>/2  2 

8.  x=0.  X.- -  17a.         9.  «=±  j  2^«'^'-^(^^-g^)'  j  ». 

10.  «=±{.(«lzMLi£!^zf)}». 

11.  (a?*+l)(x*  +  l)»«2(a:l  +  3),  .'.  «»(a:i  +  l)»=2(«l+l)-(»*-l)»«=(ar»  +  l)*. 

12.  The  equation  reduced  ia  o;^  +  2a;*  -  4a;*  +  2a;+ 1  =^0. 
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18.  x^4.  14.  «=±?^^ 

1  +  6 

15.  ^+^  +  1^  ~^  )  — —  ^  difiding  the  numerator  and  denominator  of  the  left 
a+x— (o*-a;«)l     x 

side  by  {a+x)i.  then  («+»)«+ (a -»^)»j . 

(a+ar)*-(a-a;)*    sb 

16.  A  similar  romark  applies  to  this  equation. 

17.  lUHontlisethe  denominator  and  lf±^±<^±£!l!L*=!i^. 

"■lfl'*l?i'-«---lS-'l"l-SI-'" 

.•.^=-T — =       "j .  fS  ^?.     ',  -  =-      and   sB»=a»,   .-.  a5=a.     Otherwiscv 
a*" 
square  each  side  of  the  giren  equation,  and  — +— +2aa:=a!«+2aa;+a». 

X        X 

19.  ar=^.         20.  a:=±f>^. 

21.  Herea-M^+«).  j^^J^|*M^+a)  J5;±2!}*. 

By  sqaaring  each  side  of  the  equation 

a' -2ai+6«=;««+6«+?^i^i(^!±^)+»«+a»  +  ?^^^^^ 

x*+a*  «*+&* 

(       x»  +  a*)        i       x*  +  b*) 

andflx«+a5«=6aj«+a«6, .-.  (a— ft)a;«=aft(a-d),  a:»=oft,  a;=±(a6)». 

XIV. 

1.  See  Art.  6,  p.  6. 

2.  See  Section  IV.,  p.  19. 

3.  The  first  equation  giyes  two  yalnes  of  x,  the  second  fails— explain  why. 

4.  Herea;*— a;*~|a:«+ia;  +  J-ic«  +  2a;+l, 
andi{(2a5*-aj)«-2(2aj«-aj)  +  l}  =  {a?+l)«, .-.  i(ar«-«-l)-±(x+l). 

6.  The  quotient  is  2*— 2ie-l,  if  «*-2a;-l-0,  then  «->l+>/2. 

6   Multiply  the  first  equation  by  c  and  the  sf;:ond  by  ax,  and  subtract  the 
latter  from  the  former,  and  {be  -  ab}x^ — a*x + e*  =  0.    Eliminate  as'  between  this  and 

the  second  equation,  and  g»       ~^ — r!f_ :     If  this  ralue  of  a:  be  substituted  in. 

the  second  equation,  an  equation  will  be  found  which  eontaios  only  a,  h,  e, 

7.  Extracting  the  cube  roots  of  each  side  of  the  equations, 

sc+ar-»=tn*,  a;-ar->»n*,  .*.  2«=mi+«*,  2ar-»=s7»i-n*, 
-    .*.  4-(mi+a?k)(m*-n*)— «ii-7if. 
9.  The  equation  is  reducible  to  225  -  6a;=  •25a;>. 

10.  Here-?.  -_!.._?_-  A,  j,^^t^a'-b)x+(a^-b^)Jc-d)x  +  (c'-d^_) 
x+b    x+a    «+rf    sc+c  (aj+a)(a;+&)  (a;+<i)(io  +  c) 

but  a+<?=6+c,  .'.  B}aoa~b='C-'CL 
11;  The  equation  reduced  becomes 
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But  since  a  +  &+(J«0  is  a  oondition,  («•  +ft*  +  «•)««  -  Zahex—0,  wMch  gives 

05=0,  and  «=   ,  .  ., — r . 

14.  The  values  of  «  are  ±-s/2  and  ±2^-1. 

18.  See  Art.  4,  p.  4. 

19.  See  p.  4. 

20.  The  equation  reduced  is  ««  -  2(a+6+c)«+8(aft+ac+ Jc)=0. 

XV. 

1.  Let  a«-8aj+22«m,  then  ««-8a:+16=m-6,  andaj-4=±v'(w-6).  In 
order  that  a;  -  4  may  be  possible  >/(m  -  6)  must  be  rational,  m  must  not  be  less  than 
4S,  and  any  number  greater  than  6,  not  excluding  6,  satisfies  the  condition. 

8.  Let  ^!jli^±i=«i,thenaj-i(m+4)=±i(w«  +  4»i)». 

35  —  1 

4.  If  a;'-"8a;-8         ^        j.     jjetween  |  and  ^. 
2a:«+2a;+l    -^^^  -^  2  2 

x^+x+1  2(;?-l) 

Here  (S/?— 1)(8  -;?)  must  not  be  negative,  it  is  equal  to  zero  Khen|)»3  andi»=)k 
«'.  the  value  of  the  fraction  lies  within  these  limits. 

6.  Let  («-a)(6-a;)-wi,  then  a;+J(a+5)-±{wi-J(a- &)«}*. 

15.  The  given  expression  may  be  put  into  the  form 

(a;  -  a)«(«  -  &)"  -  (a  -  *  -  c)e{x  -  a)(x  -  6). 
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8.  Here  «+3— ^,  ajS-f :  then  ««+iB«-5lL?^,  and«-«+i8-«-?^i^, 

a  a  a"  c« 

The  equation  required  is  therefore  «>—  j j — +  — - —  { sc+i — _-_JL-— 0. 

4.  (1)  ««  +  {i>-(i?»-4^)»}aj-KP*-*«)*-0- 
(2)  aj«-{i>±(i>«-49')»}«+j>«-2gr«0. 

(8)  {a;-(a«+i8«+a/8)}.{«-(a«+i3«-ai8)}-{aj-(p«-.3)}.(«-(;?«-3^)} 

a=SB«  -o(^»  -  2<7)a;+  (p*  -  ip*q  +  3q*)  -a 
(4)  (2p«  +g)aj«  +  8iw+ 1  =  0. 
(6)  ^•a;*-(p«-6p»<7+3pg«)a;+g«eO. 

5.  Here  when  the  equation  is  reduced  to  a;'  +  5— — 2?+-=0, 

a  a 

Then  "    0_«^+fi*_  \  (a +  5)*     26  {  a_aM^6«    a_a    J 

6.  The  equation  whose  roots  are  (ae'^bd)  +  {ad-be)  and  {ae'¥bd)-{ad^he)y  is 
•as*  -  2(ac + 6(f)a;+  (ac+  &<^)*  -  (ctd  -  hc)^  =0.    And  this  equation  is  identical  to 

,     2(ac-f&d)a?    c«+d»_^> 
a«+6«       a«+6« 
•and  has  the  same  roots.    Find  the  relation  between  the  coefficients  that  the  roots 
may  be  real. 

9.  Let  a,  $  denote  the  roots  of  the  proposed  equation. 

First  transform  az^-^bx+c^O  into  an  equation  whose  roots  shall  be  a*,  /9*,  and 
this  last  equation  into  one  whose  roots  shall  be  the  secipmcals  of  a',  $*, 
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Next  traiufonn  ase*  +te+c=0  into  aa  equation  vrhoee  roots  shall  be  a +3,  a-  /9^ 
.and  this  last  equation  into  one  whose  roots  shall  be  (a+/i)',  (a~/9)*. 

A  qnadratic  equation,  a;'  -pz+q=0,  whose  roots  are  a,  /i|  msy  be  transformed  into 
another  whose  roots  are  the  sqnares  of  the  roots  of  the  original  equation,  thus : 
Here  «•  +  q=px,  /.  «*  +  2qx*  +  q*  =j>«aj«,  and  «♦  -  {p^  —  2q)x*  +  q*  =0. 
Let  «*=y,  then  y*  -  (|>*  -2g)y +g'=0,  is  the  equation  whose  roots  are  a*,  /B*. 
li.  The  roots  of  the  equation  ax*  +  2lfx+e^0  are  real,  equal,  or  imaginary, 
according  as  ax*  +  26a; + c  is  less  than,  equal  to,  or  greater  than  a  complete  square. 

15.  If  a,  3  be  the  roots  of  the  first,  and  o^,  /S'  be  the  roots  of  the  second 
equation,  then  a  -  P=^a'  -  0.    Also  {a^$)*^(p  -  a)«  -  46«,  and 

(«'-/5')«=(p-J)*-4a«.    Whence  15p=5(a+6). 

16.  Let  a,  /9  be  the  roots  of  the  first,  e^  0  the  roots  of  the  second  equation. 
From  the  first  equation  a-¥0=^Pi,  ^fi^q^  from  the  second ;  »+0=Pt9  o0^q^. 

Then^'"^« ~r=-.  .".  /B-i^iZ^l]!",   and  0=iE±zh}M. 

also  a»^*~^'  is  the  root  common  to  the  two  equations. 

17.  The   equation   a;'— jpx+gf=»0,    gives    a+i3=-|?,    aj3=^.      The   equation 
a;«-jrx+p=0  gives  a'+/B'=-g,   a/T^i?.      Then  i!i±?H^+£)  =i. 


XVII. 

1.  ^  answers  the  question.    Explain  why  the  second  value  of  x  does  not. 

2.  If  zbethe  number  aj*+aj»=9(a;+l)  and  (a;+l)(a;»-9)==0,  .•,aj+l=H  and 
s*~9»0,  .*.  «=-l,  aj=±8. 

8.  16  and  4.        4.  The  number  is  68.        5.  1,  2,  and  3. 
6.  9,  10,  11,  and  12.        7.  6^  per  cent,  per  annuoL 

8.  Let  Af  B,  C  execute  the  work  i^  in  a;  units  of  time,  then  tliey  do  -  of  it  in 

X 

«n  unit  of  time.    Similarly  A  executes  -^,  B  in     ^  ■,  C  ia  ^. 

Then  — s= + — --4.--. 

X    x+a    x+16    2x 


XVIIL 

1.  Let  a  denote  the  given  line,  x  one  part,  then  a—x  will  denote  the  other  port: 
If  (  denote  the  other  line,  then  a;*  +  (a  -  a;)*  »  26^. 

2.  Ijct «  be  the  breadth,  then  a;+ 6  is  tJie  length,  then  a!(a;+6)»91. 
8.  Let  a;  be  the  breadth,  a;+ 1  is  the  length,  and  a<a;+ 1):=  10100. 

4.  Let  X  be  the  width  of  the  path,  then  a  -  2a;,  &  -  2jt;  are  the  sides  of  the  inner 
rectangle, 

a&=area  of  the  path  and  inner  rectangle, 
(a  -  2a;)(6~2a;)sBarea  of  inner  rectangle, 

.-.  aJ-(a-2aj)(6-2aj)=areaofthepath=i£=:^^K*Z^ 

in 

6.  Let  2a;,  82^  4a;  denote  the  three  edges, 

2a;+l,  8a;+2,  4a;+8,  the  edges  when  increased. 
Then(2aj+l)(8a;+2)(4a?+3)-2arX8a;X4a;=158. 

7.  1676  men.        8.  961  men.        9.  4200. 

10.  See  note,  Ail  8,  p.  20,  note  on  triangular  numbers,  Section  X. 
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XIX. 


XIX. 

L.  Here  x^+2xy+y*=  64,  sqaaring  the  first  equation, 
Aasy        =  60,  4  times  the  second. 

«•— 2a!y+y*=    4,  snbtracting, 

x-y  =±2f  extracting  the  square  root, 
but  a;+y  =    8 


.'.  2z=  10  and   6,  .*.  a;=5  and  3, 
2y=    6  and  10,        y=^3  and  5. 
If  a^  2/  be  supposed  to  denote  two  numbers,  the  two  equations  may  be  expressed 
in  words : — ^If  the  sum  of  two  numbers  be  8,  and  their  product  15,  what  are  th« 
numbers  ? 

2.  Herea;»-2ajy+2/«=    9 
ixy        =  72 

x^  +  2xy+y^=  81 
x+y  =±9 
x-y  =    3 

.'.  2a;  =  12  and  —6,  .*.  a;=6  and  -3, 
2y  =     6  and  - 12,      y=3  and  -  6. 
S.  Here  2x^  +  2y*        =  226 
a;«-2icy+y*=      1 

a;«  +  2icy+y«=  225 
a+y  =±15 
a:-y      =      1 


.-.  2x         =    16  and  -14,  .*.  »=8  and  - 

2y          =    14  and  —16,        y=7  and  - 

5. 

aj«+y»=74 

2a^      =70 

a;«  +  2j?y+y»=144,  .'.  a;+2^=±12 

a;«-2ay+y«=    4,        aj-y=±  2 

.-.  2aj=  +  14,  -10, +10,  -14, 

2y=  +  10,  -14,  +14,  -10, 

and  aj=+7,  -5,  +6,  -7, 

y=  +  6,  -7,  +7,  -6. 

6. 

Divide  the  first  by  the  second  equation. 

aj-y=«  8 

aj+y=18 

2z  =26,  .•.  a;=13. 

2y  =10,        y=  5. 

8. 

x^+xy=UO 

y«+{By=  56 

««+2ajy+y«=    196 
«+y=±  14. 

Then  iB(a;+y)=±14(;=t4a,  .".  aj=±10 
y(aj+y)-=d:14y=  66,  .*.  y=±  4, 
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10.  x'*-Sxy+y^—0,  a;«+2a:y+y«=25,    .'.  10ary=s25.    See  examples. 

NoTB. — ^Not  only  x*±zy^=^h*,  x±y=»a:  but  also  a;±y=fl,  «»±y'=6* ; 
«±y=J»  aj*iy*=6*;  a5±y=<i,  aj*±y*=M,  can  be  solved  by  means  of  quadratic 
equations. 

XX. 

1.  a;«— 4b=0.        2.  «» -a!*-3aj+l=0. 

8.  By  dividing  the  first  by  the  second  equation,  x+2y—0. 

4.  The  given  equations  may  be  put  into  the  fonns {x^y)*  ^(^-l)x-\-y^  -  2y=0, 
and  {x  -  y)* =y* + y.    From  which  x  may  be  eliminated,  and  {y + 1)*  -  y =0. 

5.  The  second  equation  may  be  put  into  the  form  (x+y)*  +  i{x+y)—  -3,  which 
gives  x=  —  (y + 8)  and  -  (y + 1),  and  each  of  these  values  of  x  substituted  in  the  first 
equation  will  give  two  different  equations  involving  y  only. 

The  first  equation  can  be  put  into  the  form 

(aj-y)»  +  8aj*  -(6y  +  l)«+8y*  +y-  8=0. 

6.  Divide  the  second  equation  by  the  first,  and  from  the  resulting  equation 

X—-S.  and  ^ ,  each  of  these  values  of  x  can  be  substituted,  and  different  equations 
2  8 

may  be  found  involving  y  only.    If  x^-M.  be  substituted  in  the  second  equation^ 

18y«  - 104=0. 

7.  The  equations  may  be  put  into  the  forms  (jj*— y«)*-(a:»-y*)=20,  and 
(a;-y)'=4y. 

8.  From  the  second  equation  x*-a^=y*  +  l,  add  y*  to  each  side,  then 
a;'-a^+y*=s2y*4.i.  Substitute  this  value  2y*+l  in  the  first  equation,  and 
(a;»  +  y»)  +  (a:«-ary+y«)(a;  +  l)=0, 

or(«'-a?y  +  y«){x+y+aj+l)=0,  .•;  a5*-a:y+y«=0,  andy+2a;+l=0. 

Hence  SB=-I^Z-.    Substitute  this  value  of  x  in  «*-a:y+y*=0,  and  reduce 

the  equation,  the  result  is  7y'  +  4y  + 1 =0. 

9.  2aj*-8aj»-15aj«  +  8aj+8=0. 

XXL 

1.  Find  x  from  the  first*  and  y  from  the  aecond  equation,  and  substitute  tlie 
values  of  x  and  y  in  the  third,  and  reduce  the  result  to  its  simplest  form. 

2.  Divide  the  first  by  the  second  equation,    «g  +  ^      g  and  y=if^i£^:^^\ 
substitute  this  value  of  y  in  the  first  equation,  and 

8.  Here  fix  -  ay=x>,  and  ox -dys=y*, 

.•.  {a~b){x+y)=y*-'X^,  and  (a+6)(«-y)==««+y«,  alBox«+y^=8. 

4.  From  the  first  and  second  equations  may  be  found 

x=LJliL  and  b;  y^a  and  f— if!?. 
Ifx..£lz^  and  y^a,  then  ^ ^ylj^^lll ^^J. . 

Ifx=6and  y=?l=f?,  then  ?!+y!=^+^^=.l. 

5.  By  eliminating  ««  from  the  two  equations  may  be  found  y=S—Jl^^^^ 

ac  -^ac 

then  substitute  this  value  of  y  in  either  of  the  given  equations,  and  an  equation  is 
found  involving  only  the  constants. 

6.  Eliminate  a;*+y*  from  the  two  equations,  and  from  the  resulting  equation 
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dnd  the  Tialae  of  a;  in  terms  of  y,  or  y  in  terms  of  x,  and  then  substitute  in  either  of 
the  given  equations. 

7.  Divide  the  seoond  equation  by  the  first,  and  ««  -a?y +y'  «—, 

butx«+a;y+y'— «•,  .*.  gy^  ~    .. 
Next  divide  the  third  by  the  second,  and  x^  -  x^y*  +y*mm 

0* 

Hence  ^^ -<^  ^(^*  -  ^*)\    anda»-4a*6«-2a*c»+ft»>=0. 
26*       .     4a* 

n  ft*— a« 
10.  From  the  first  and  third  equations  find  x  and  y,  and  substitute  the  values  in 
the  second. 

XXII. 

1.  Divide  the  first  equation  by  the  second,  the  result  is  6y=6x, 

2.  aj«  "■  6xy  -  5y ',  »' = ixy  +  6y ',  whence  te  -  5y  =■  4aj  +  5y . 

4.  Heie?^-^^:il,  ^-^1.  .».  a^y-^f  "^l^^^/lll,  whence 

2J      a-a;      y      6-y  (a-aj)(6-y) 

ajays  _  a!y(ay  +  bx)=> -{<ix+hy)+l. 

Again  a(y»  -  a:*) -iB(y«-l),  %«-««)= -y(««-l), .'.  ?=Z£^!l^. 

0      y(aj'  - 1) 

whence  a?y=     ^^^ .    Substitute  the  value  of  xy  in  the  equation 
ax+hy 

aj*y' -  ajy(ay + &c)=  —  («» + Jy)  + 1, 

and  the  resulting  equation  is  (aa;+&y)(aa;+&y- 1)=0. 

5.  Eliminate  a:»  +y«  between  the  two  equations,  and  (a*  -  &«)aj»y*  +  2a'&'a5y=0. 

6.  Divide  the  first  by  the  seoond  equation  : 

f^=JL_,  .-.  aj-y«^!JL,and(a;-y)«=-^i-^, 
6»       aj  +  y  aj  +  y'  "        {x-\-y)* 

but  (a:-y)«  ■-a^(a;+y),  the  first  equation, 
.%  o»(aj+y)— 1_,  .'.  (a; +y)»=a»6<,  and «+y=aJ'. 

(«+y)* 

Also  (aj  - y)*  •a'(a: + y)=o*6«,  . •.  a; - y=a»6. 

7.  From  the  first  equation  aj-y—  — z. — ,  from  the  second  (as— y)*=— SL  . 

x+y+1  «+y 

8.  Dividing  the  first  equation  by  the  second,  a;*y*«i86. 


••'-MHII'..-±S:-=5!'- 


; "« .  Divide  the  square'  of  the  first  equation  by  the  second,  and  (x  -  y)«  -^-tiL ; 

6 

from  the  second  equation  («-y)*«.?3?.,  .*.  5_ilL=-^L, 

as+y  5        x-^-y 

and  aj»  +aj*y+ajy«  +y«=15ajy,  and  from  the  first  equation 

a!»— a;*y-a!y«+y»=s8ajy,  whence  a;+y~6. 

12.  The  left  side  of  the  first  equation  may  be  resolved  into  factors. 

(o+&)(aj-y){(aa:-6y)»-(aa;-&y)(te-ay)+(feB-ay)««}=(a+6)»,  butSB-y«l, 

.•.  (aa:-Jy)«— (aaj-Jy)(6a5-ay)  +  (te-ay)«=(a+6)% 
or(a«-aft  +  6»)aj*-(a«-2ad  +  6«)ajy+(a*-a6+6«)y»=(a  +  5)«. 
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and(a«-a5  +  6«)a:»-2(a*-aJ+6«)a5y+(a«-a&  +  6*)y»=a«-ad+ft«p 

by  multiplyiiig  tlie  square  of  the  second  equation  by  a^  -ah  +  b^, 
. •.  (a*  +  6*)x2/=3ad,  and  x - y^l;  from  which  x  and  y  may  be  found. 

{2(in« +»«)}»'  *^     {2(ni«+7i«)}*' 

14.  Add  the  first  equation  to  twice  the  second  and  (a; + 22/) » =196. 

15.  2{x^  +y*)=5ay,  2(»»  -  y«)=3.    Square  each  equation  and  subtract, 

.-.  16a;V-25y»-9. 

16.  Here  dividing  the  first  by  the  second  equation— 

x*_ax-\-bi;^  ...  6ar»+(MJ»y=eMn/«+&y»,  and 

K^»  -y*)+a!cy(a;-y)=0,  or  (a;-y){K«'  +«y+y»)  +  a?!/}=0, 
.-.  aj-y-0,  and  b{x^  +xy  +  y*)+axy:=Q. 

18    ?-?^-^  .-.  6a;*-5ay-6y«,  whence  a;==?f  and  JI^.    By  substitution  in 
y    X    6  2  o 

the  first  equation  may  be  found  the  values  of  x  and  y. 

19.  Here   ^^.2.^2y^^2.^^^.n.i  or    1^-]' ^  [hlV--**' 

Tlie  equations  then  become  p*+q^  =m + 4  and  p+q—n. 

20.  Here  5l=a«  -xy,  and  l^=6«  -xy,  adding  these  equations 

^    5!+l^=a^+6«-2;ny,and?l±2?!^!±i^=a«  +  &*. 
Next  multiplying  the  given  equations 

22.  Multiply  the  equations,  (aj+y)*=25,  divide  the  equations,  a;«y«  =16. 

23.  a:«y+icy«=ai,  aj»H-y«-tt»-a6+5^     Divide  the  second  by  the  first  equation, 

x^-xy+y^_a*-ah  +  b^  nr  gi±y!-l«g^!iJl-l. 
a;y  oft  ay  ^ 

24.  From  the  first  equation  5!+L'=^.  .-.  x'+y'=^,  anda!+y=10,  thea 

y      a?      o  *> 

g»+y«_35ary_7gy^ 
aj-f  y  ^  30  "  6   ' 

25.  Subtracting  the  square  of  the  first  equation  from  twice  the  second  and  ex- 
tracting the  square  root,  a^*  -  y=  ±  44. 

26.  Multiply  the  second  equation  by  3  and  add  to  the  first  equation,  and 

(a!-fy)»-9(a;+y)=0. 

27.  Divide  the  first  by  the  second  equation,  and  there  results 

a*«*  -  6*y  • + 8atey(aaj  -  &y) = 0. 

XXUI. 
1.  From  a:«+a«=(aj+y)« +  («-&)•,  y{2x+y)^b{2a-b); 

fh)my«+6«={aJ+y)*  +  (a-^'»'.  a<a!+2y)=a(26-a), 

.'.  x»-y«=a«-6*. 
2    Subtract  the  first  equation  from  the  second,  and  6ajy  -  y«  -  3y. 
8.  From  the  first  equation  a;=  (24  -  3y)».    Add  1  to  each  side  of  the  second. 
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a:»+2aj+l-l  +  3(y-l)(8y-.l) 

a;+l-{l  +  8(y-l)(3y-l)}», 

whence  (24-3y)4«-l  +  {l  +  3(y-l)(8y  +  l)}». 

4.  From  the  second  equation  find  y  in  terms  of  a;,  and  sabstitute  in  the  first 
e<[uation. 

5.  Find  y  from  the  first,  and  substitute  in  the  second  equation. 
6*.  Equate  the  values  of  xy  from  the  equations. 

7.  Divide  the  second  equation  by  the  first. 

8.  The  first  equation  can  be  reduced  to  (a— y)«  -2(a-ft)(aj-y)  +  (rt-ft)'  =(h. 
0.  Eliminate  x^  between  the  given  equations. 

*0.  a;=-a;y+ya-7,  x^+y*^(x+y){x^-xy+y^)^Qxy-l^ 

...  «+y«5£^.  and««+2^y  +  y«-?5^!^lzi?^2^; 
7  49 

but».-'-*y+j,.-7,   ...  3;^.8<teV-12^+l-7. 
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from  which  xy  may  be  found. 

11.  The  first  equation  may  be  arranged  thus :  a;«  +  ixy+y"^  «a:'y'  -2xy+l, 

13.  Divide  the  first  by  the  second  equation, 

_1      (l-ayV8  a;-v/6 

V2"'      a;-y     '   ^    l-Xy/6 

Substitute  this  value  of  y  in  either  equation. 

16.  Subtract  the  square  of  the  first  equation  from  the  quotient  arising  from 

dividing  the  second  by  the  first,  and  (ax)^  +  (5y)«  ^Vf^-abxy. 

m 

Also  from  the  square  of  the  first  equation  ((w?)«  +  (6y)«  -m«  +  2ahxy. 

Hence  m*  +  2dbxy^V^  -  dbxy, 

m 

20.  From  the  first  equation  a?'  +y«  «?LlL?£^,  from  the  second  »*  +y*  «6«— 2icy. 

m 

21.  Divide  the  first  by  the  second  equation, 

«•&«.?_ -1 

y 

n.%h^  g'  ^  1  ^ w(«'  +&')    2mfl'6«  a? 
y*  »        "      »      y' 

.    a5«     2ma?    «i^a« +  &*)  +  » 

y*     «  y         »j«6« 

22.  aj«+y«-6(a;+y)=2,  2ajy+2(a;+y)-68,  .'.  (a:+y)a-8(a:+y)-70. 

23.  Di?ide  the  first  by  the  second  equation,  and  2a;—  —y. 

24.  The  first  equation  divided  by  the  second  gives  (aj+y)«  =  25. 

25.  From   the   first   equation   a&B{2(a+ft-a;)}-i(2ad-y)y,  ftt)m  the  second 

ahx^[x-{a+h)\y.    Dividing  one  by  the  other  2(a+6)-a:--??^llL  :  find  y  and 

x-{a-\-h) 
substitute  in  either  equation. 

26.  Here  x'^^x^y   and   a?-3y-y9,   .•.  a?-l--J_   and    y-«y+8aj-8"U 

Z-y 

y(l  -  a:)  -4  -  3a^  and  y-iz^.    Substitute  in  the  first  equation,  and 

4  —  8aj 
«+ j^:^*«S  .'.  a»-2a;«-2aj-4-0,  or  (a;-2)(a;«-2)-0. 
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XXIV. 

1.  Eliminatej^,  and72;«-4a;+0==0. 

2.  By  equating  values  of  y  from  each  equation,  (a + h)x^  - 2{db -l)«+a+ft»0. 
8.  Eliminate  a^  ahy  ■•  (c  -  hy)(chy  -  a). 

4.  Here  «='y«-l-|.  ^V+l-^f^.  •••  2-^-|. 

6y  6  ^  *^  6  S 

6.  SatwtituU  in  the  first  equation  the  value  of  y  from  the  second. 

7.  Here  \+lj^±l,  .:  £±Jf.£±W,  andiry=6, 

.B    y       6  a;y         6 

and^- 5 ,  .-.  (a;  +  y)«+(jc  +  y)-30. 

6       a;  +  y+l 

8.  Divide  the  second  equation  by  the  first,  and 

o^  +  y^Jx-y){x^+y^)^  .-.  (x»+y«)(a;  +  2/)-(^«+2/»)(.c--y),  or  2(** +2/^)^-0. 
jcy  xy{x+y) 

9.  Add  2  to  the  first  equation,  and  it  becomes 

J^»+y«  )«^  j^Mj^}      25^    And27arV  +  48;ry-64  =  0. 
(      xy      J         (      ajy      )       4 

10.  Eliminating  a;,  6y'  -  cy  +  ac^  =  0. 

11.  The  first  equation  may  be  reduced  to  a*y+h*x=c^x+c^y-x^y-xy^,  and 
the  second  equation  to  a* 6 + b^x « c^x—hx*  -x^y+be^.  Then  subtracting  the  lattei 
from  the  former,  a«(y-&)-c*(y-6)-a;«(y— ft),  or  (y-6)(aj«+a«-c«)-0. 

13.  Eliminating  y,  9x^  +  2&z  »  aj9(7  -  b). 

14.  Eliminate  x  -  -  between  the  equations,  first  putting  them  into  the  form 

X 


Yaj-ly+ftAy-lA-m,    a'(x-l)+^'(y-l)'='in\ 


15.  The  first  equation  is  Al£l:J^'_  „1. ,  the  second    2~a;«-2/«      j_ 
^  (l-y)(l-a:)     13'  (H-y)(l-u-)     Id' 

-.'.  L_Z]^ii_Ilf2„_,  and  y— — .     Substitute  tins  value  of  y  in  the  firat  equation. 
(l-y)(l-a;)     4  13 

XXV. 

1.  a;«+^y-14  -aj,  y«+ay-28-y,  .-.  ^^?^|.lizf, 

y(y+ar)    28 -y 

28a;-a^«14y-ay,  .'.  y'»2x. 

2.  From  the  second  equation,  x^=6a^+12,  subtract  3  times  the  first,   and 
4b4  «  9a:a  =  «  24. 

3.  From  the  second  equation  (a;*+y«)*«?^:^,  and  a;* +y* -641, 

X  y 

.-.  2a;V+6^V-84100. 

4.  Froma:*  +  6y«=5y«x,  a;>=»dy  and  2y,  and  from  y^  +  Caj'^Sa^-y*,    . 

y'=3a;and  2a;. 
6.  Add  2jj'y*  to  each  side  of  the  first  equation,  («•  +y«)«  +  2a^(a;«  +y')=8aj«y*, 
completing  the  square  {x*  +y')*  +  2ajy(aj«  +y«) +aj«y«=9aj«y*. 

6.  Transpose  -x^y*  and  divide  ar*+a;'y'+y^ =981,  by  aj«+a;y+y«=49. 

7.  Adding  the  equations  (as*  -»)*  +(y«  -y)«=a+ft,  and  (aj«  -x)  +  {y*  -y)=flk 

8.  Eliminate  a;*,  and  3y«-28y'=207. 

9.  Herea8*+y*-(aj«+y«)=84,  and2ajV+2(a;«  +  y*)=98, 

.-.  (a;«+y«)«  +  (a:«+y«)=182. 
11.  Add  4a;'y^  to  each  side  of  the  first  equation, 
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2(x*  +  y»)»  +  72y(a;«+y«)=740  +  4ieV'    From  the  «econd  «»+y«=10-^,  Salisti- 

2 

tute  this  Yalae  of  x'  +2^'  and  redace,  the  result  becomes  a;y=6. 

13.  From  the  first  equation  x*y*  +  fix*y.*  + 1 = 313y\    Sabtract  from  this  equation 
the  square  of  the  second,  and  8x*y'=288y^. 

14.  From  the  second  equation  x*  +z*y*  +y*=4x«  +  10a^+4y«  +  21.     DiWde  thU 
equation  by  the  first, 

then  ««  -a!y+y*=^.^ltl^^+f|[l±?.\  and  lUx^  -  29ary  +  15y«=21. 

Also  15a;«  +  15a:y+15y«= 286,  .'.  4ixy=26i,  andxy=6. 

1 5.  From  the  first  equation  («•  -  y')* = (1  +  ary)  •,  .  • .  sc*  -  y* = 1  +  ary.     From  Iho 

second  ^LJ-JL  =2y*  + 1.     Hence  ?_ilL  =z«  -xij+ y«,  and 
ar  +  l  x+1 

(a;«-«y+y«)  j?±y-l{  =0,  .'.  a;« -iry+y'=0,  and  ^-1=0. 
\x+l        »  ar  +  l 

16.  3Iultiply  the  first  equation  by  2,  and  add  to  the  second, 

and  2(a;+y)«+2a;y(x+y)=30. 


XXVI. 

2 

T+1 


aj» 


1.  Diride  the  firet  equation  by  the  second,  ^J'^^^yl^Vl 

by    X*  -  xy*     a:'    x 

Let  -=c,  then?l±l=~:  fc«+6=(«*-as«,  and  «*-{a  +  J)5« -6=0. 
y  z*-z     b 

2.  Find  a;  from  the  first  equation,  and  substitute  in  the  second. 
4.  Subtract  the  second  equation  from  the  first, 

and  X*  -y»=:81(a:«  -  y«)  +  4(a;»  -  y«)=85(a;«  -y«). 
6.  Squaring  the  first  equation,  a;«  +y*  +12(x+y)  +  2{a;V  +  12(a?>  +y*)  +  144ary}V 

=108t); 
but  a;+y =23,  .*.  aj«+y«=529-2a!y,  and  3(a;»+y*)-85ajy=5041. 

6.  Find  y  from  the  second  equation,  and  substitute  its  value  in  the  first. 

7.  From  the  second  equation  4y*  +  3a;'=12. 

8.  Equate  the  values  of  y^  from  each  equation,  and  x  -  x^^2, 

9.  The  first  equation  reduced  is  {x*  -y«)-(aj«-y«)»=6. 

10.  The  first  equation  reduced  is  ?.  +  -t-i—^* 

11.  First  eliminate  x*  +y*  between  the  two  equations. 

12.  The  first  equation  becomes  a;*  -y*^34ary. 

13.  Raising  each  side  of  the  first  equation  to  the  third  power, 

a*x^  +  6«y«  +  3(atey)H(aa;)*  +  (fty)*} =(a*  -&•)*, 

or  a^x*  +  6*y«  +  3(atey)*.(a«  -  6*)«=(a*  -  fc«)«, 

.•.  a«6«a;«  +6*y*  +  3(otey)'(a«  -6«)U*=(a«  -6»)M«, 
and  aH^x*  ■\-a*y*  =«♦&•  from  second  equation, 

{a*  -  6*)y«  -  8(atey)*(a«-&«)*6«^a*d«  -  (a«  -6*)".6» 
SimiUrly  (a*  -  6<  )a;«  +  3(afoy)*(a'  -6»)a»=  -  a«6*  +  (a«  -  6«)«a«. 

Hence(?^lz^!)^<^i!)lz^l*==r^  and  6«;r«  +  aV=a»6« 
are  sufficient  to  determine  the  values  of  x  and  y. 
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14.  The  first  eqnaiion  reduced  gi7ee  (aj»  —  y « ) = ^(x*  +  aj*y '  +  y *)» 

and  the  second,  (« + y) » +  («  -  y) » + 2(x«  — y »)*=»a*.  * 

XXVII. 
1.  Divide  the  second  equation  by  the  first. 

5.  The  equations  may  be  put  into  the  form,  xi{xi+y\) « 10,  and  y>(y*  -j  u/)     15.        ^ 
9.  Subtract  the  square  of  the  second  equation  from  twice  the  first,  and 

{x + y)*  -  2(ic  -  -  y«)*  +  (x  -  y)t  -  2a  -  b\ 

10.  From  the  first  equation  2^  »2yt. 

11.  The  first  equation  becomes  16j;M25y. 

13.  The  first  equation  gives  8a: -6y,  and  the  second  y(^^-y^H     24 

a:«-2y«        7 

.15.  Multiply  the  first  equation  by  x^y^, 

.  • .  a;^  -  jb'  +  2»'y*  -  y'  "  4y  +  4y*aji  +  8y *  +  2a;*y*, 

•  •.  a^  +  2a;*y* + y^  -a:' + y*  +  4y*a;*  +  4y^  +  2a;iyi  +  4y, 

{x\  +yi) «  +  4y5(a;* + yi)  +  4y  5  -  {x^+y^  +  2y')«, 

.-.  aj*  +  y*-a:*+y*  +  2y^ 

.•.  «'-y*-a:^  +  y*,  .'.  x^-x^mBy^-^y^^  .«.  a;'-a;*  +  J=y*  +  y4  +  l, 

.-.  a;*-i-y*  +  J,  .-.  a:^--y5  +  l  (1). 

3Inltiply  the  second  equation  by  y»a;^,  . '.  x*  -  2x^y^  -  2j!y= — r^ —  -  2y  V"  -  y', 

*  1         I  •     183a:W 
««-2a;y+y«=2a:»y*— 2j;*y»+ — gS"' 

.   ,  11     169a:M 

(aj-y)«  -2a:*y*(«-y)  +  ajV=  -ge"* 

,  ,     I3a;5y*  19a^y* 

.•.  (aJ-y)-xV="— j"  »   •"•  «-y=""6~'  (2). 

Hence  the  values  of  z  and  y  can  be  determined  from  x^=y*  + 1 

19a;M 


and  x-y- 


6 


XXVIIL 

1.  The  equations  nnder  this  number  may  be  solved  by  assuming  y    n-,  or 
je^vy,  where  v  is  some  unknown  quantity. 
.2.  Taking  the  second  example. 

Lety=si»^  then  «*  +  ftB'r= 186,  4aj««-8t7«»'=5. 
Divide  the  first  by  the  second  equation, 
•     gMl  +  6p)      186     ^^    l-f6p      136 
*  '  a;«(4i7-8r*)"  5   *        4r-8»*"'  5  ' 
.-.  5  +  30»  =  644t>-408t>»,  and  408»«-514»- -6, 
from  which  v  may  be  found,  and  the  relation  between  x  and  y  determined. 
Otherwise,  eliminate  y  between  the  equations,  and  8ar*— 59a;'«  -  288. 

XXTX. 

1.  This  transformation  offers  no  difficulty. 

2.  Let  2s6 + ay + 6,  a; + cy + (i  denote  the  simple  factors,  then  (2a; + ay  +  &)(x + cy + (2) 
^hen  expanded  is  identical  to  the  given  expressioo.  Equate  the  coefficieDta  of 
corresponding  terms,  and  find  the  values  of  a,  h,  e,  d.  The  factors  arc  s-  lly  +  l» 
and2a;+y~8. 
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8.  From  the  first  equation  a;»+y'=(2y»  +  l){a!+l),   and    from    the   second^ 

4.  Subtract  the  second  from  the  first  equation,  and  there  results 

(y-aj)«-2rt(y-ar)  +  a»=0. 

5.  Each  equation  when  reduced  and  the  terms  arraoged,  may  he  exhibited  in  the^ 
foi-m  (ary-a:'y)»=a»(y-y')«+**(a;-a^)». 

6.  The  equation  is  a?»  -  y'  +  2xy«/  - 1 =a  +  h\/^  -1,  .*.«*-  y'  =a,  and  2ajy=ft. 

7.  a:=±v'±2,  y=±V{±3>/-l). 

9.  Let  y+7nx+Pf  y+nx-\-q,  denote  the  two  factors,  in  which  m,  p,  n,  q  are- 
to  be  determined ;  the  product  of  those  factors  is  identical  to  the  given  expression. 
Equate  the  coefficients  of  corresponding  powers  of  a;',  xy,  x,  y,  and  eliminate  m,  p^ 
n,  q  from  these  equations. 

XXX. 

1.  Eliminating  x-\-y  there  results  m^  - m{a + &)  » 0. 

t  ^  s 

2.  Hereae"-aj=(^»-a«)*,    .•.  »•«•  -  2aa»"+a;*«ar' -rt% 

.'.  2or«e'*  =  «««■+»«,  .-.  2aj=»a(c"+«*), 
next  ««(a« +*«)*,  .*.  a;«—a*+*»,  and  ««— a'=«',  and  («« -«•)*—», 

but  ac*«ix+(sc*-a«)*=a?+*,  and  2a;— «(«*+«•  ),  .'.  2««a(e*-tf  *  ). 

8.  From  the  second  and  third  equations,  a-*-— ^^^-—ri  /S».   ,^^  ,,..       Snbsti- 

^  (a;«+y«)»"         (a!«+y«)» 

tuting  these  values  of  a  and  J3  in  the  first  equation,  and  reducing  the  temUy 
(«■ + y')  -  2a(a;»  +y*)* + «*  -c',  whence  as«  +y«  - {a±:ey. 

4.  y^-a;'_y-3    then(lLJL"«(ylz£!)! 
2Ky       x-o'  (a;-a)«"    4iB9y«    ' 

(y-/B)'-f(g-a)     (y«  - a;«)»  +  4g«y»  Jy^  +a;»)«    ^^^^       c*         (y «+«?«)« 

{x-ay        "  4a;«y«  "    4aj«y«    '  {^-f^)*''    4a;«y*     *" 

.    y'+g*      ±c     and  y«-aJ»     y-i5      .    2y«         y     ±c+y-e 

2a;y       x-a  2xy       x—a  2xy        x         x-a 

andajy— «y— ±ca?+a!y— iSa;,  .'.  0x-ay''±ex, 

**•    wr+";;r-i:r+r2+;;i+;;;;i+*'  and2a:.2y=w»+--  +__+-—-; 

but  4*y-»m+2!*!.    Hence  !!*!+2!fL!-0.  also  *l  +  ?5!-0,  M»d^+2!-0, 

...  4(LV^)  =  4,  and^+y!=l. 

7.  Find  y'  from  the  third  equation,  substitute  its  value  in  the  first  equation, 
and  atf'(y*  +««)— a«a;;  next  in  the  second  equation,  and  aj''{6«y'  +o«a5«)— o*«». 
From  the  third,  fourth,  and  fifth  equations  of  the  second  «et, 
h^(x^  +«»)'  +a*(y, +ya)»==a»ft* ;  and  from  the  first  and  second  equations, 
(«i +««)(«* +y" )=»■«;  also  from  d«(a;i+«,)»+a*(y,+y,)"=a«iS 
and  the  first  equation,  (aj,  +ar,)*(a*aj«  +  J»y")=o*aj*« 

9.  Fr(»n  the  first  and  second  equations 

|!,^;-y'.^,  and  from  the  third^-!?^'; 

by  equating  these  equals  there  rsBults  m'y*  — n'a*.  )^ 

10.  Here  ?2£-l-?!^,  and  ^-1-2!?^;  ;      V 

a«  a«  a«  a« 


a*  a*        a*  ^      a* 
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but8inceOTa;i«,+ny/,y.,-0,  .-.  ^!l^^.5!|^^,  whence m(aJi«+««)«a% 
fiimilarlj,  it  may  be  shewn  that  n{yf  +y,*)— a*. 
11.  Here  x - a^?^^lyl±^l,  and^l  +  y^-l. 

Now  aV -«•*•-*•«•.  .*.  aV -«**•- «'*•*',  and 

By  a  similar  process,  iS«  -  y  (^  ~     % 
.*.  g=     ^'*'      .  y=-ZZj2L.    Snbstitate  in  J«y*  +a'**=a«ft« 

and  reduce  the  expreesion,  and  {b0)^  +  {aa)^=^{a*  -h^)K 
12.  From  the  first  and  second  equation,   j  ^  I  '=^,  and 

13.  Eliminate  d*-y'  from  the  two  equations,  and  x=^ab*y;  substitute  thft 
ximilting  value  of  y  in  either  equation. 

14.  Since  fii,  n  are  roots  of  ax^  +&'aB+c'=0,  then 

aTO«+6*»i  +  c»=0,  andaa;*  +  6««+c«=«0,  .*.  o(m+n)  +  ^'^0. 
Similarly  since  |7,  q  are  roots  of  cy*  +  5*y+a'«0, 


e(j?+3')  +  ft*=0,  .-. 


Again,  because  )a»  n  are  roots  of  x^+—+i^t^Of    .*.  mn^^. 


a 


also  because  |>,gr  are  roots  2<"  +  —^+^=0,  .'.»?=—, 

16.  By  adding  the  two  equations,  (a + e)x*  +  26a^  +  (a + e)y*=(a + c)d*,  and 
«,+eK««+j,'-J«)=-2&r!,,  .-.  5l+?!z»!= JI* ,  whence i±l±-*^lz%:4!. 

Next  by  subtracting  the  equations,  (a  -  c)aj*  -  («  -  c)y' = (a  -  c)6*,  .'.«'-  y* =ft*, 

and  a:+y=rf,  .-.  a:-y=:^;  .-.  ^±1^  JlZ±J-l!^L:}lU^. 

17.  Here  3^1+?=.?^!+?.  or  ^+?=i>;c+«.  .-.  q{y-'^Up(x-l\ 

y  X  y  X  \      xf       \      yf 

XX  X    y 

*•.  --{y—p)=^gf  andgy*-y+i>=0,  whence  y«l=iLli22l,  and  in  order  that  y 

may  be  rational  (1  -  ipq)^  must  =0. 

18e  Hereaa?+5y=0,  and  x+y+xysO,  ihtnax+a/y+axy^Of 

and  (a -  J)y + axy=0,  and  . •.  0;="^^"  \    Also  te + 5y + &ry=0, 


a" 


«di+l=_J_. 


64 

19.  Expanding  the  terms  on  the  loft  side  of  the  equation,  adding  the  results  and 
dividing  each  side  by  2, 

(aj*  +  y *)  +  2 = aix'*  +  4)*  +  y(xy^  +  4)  * .    Squaring  this  equation, 

{x*  +y«)«  +  4(a;«  +y«)  +  4=aj*  +  4aj«  +y*  +  4y«  +2xy(x^  +  4)4(y'  +  4)». 

Whence  a;»y«  +  2^xij[x*  +  4)Hy*  +  4)*.     Squaring  this  equation* 

.".  x*y*  +  4a;«y*  +4=ar*y*  +  4x*y«  +  4x«y*  +  Itx'^y*. 

Whence  ««y«  +  x^y*  +  Saj'y'  - 1, 

from  which  (a;«y)*  +  (a;y*)*«l  is  to  be  deduced. 
If  each  side  of  this  equation  be  cubed. 

Then  a;*y»  +a;»y«  +  8x«y«  {(a!»y)*  +  (ay*)'}  -1, 

but  (aj«y)*  +  (ajy «)*-!, 

.'.  aj*y«+a:«y*  +  8a:'y*-l. 

It  is  sometimes  not  obyions  how  the  final  result  of  a  series  of  operations  maj  b9 

re  J  need  to  a  given  form.    A  suggestion  may  sometimes  arise  from  tbe  performance 

of  the  converse  process,  for  discovering  what  necessary  steps  ore  required  for 

reducing  the  expres&ion  obtained  to  the  required  form. 

XXXI. 

1.  Let  X  and  y  be  the  parts,  aj+y-41,  and  a?*  -y«  =  l. 

2.  The  digits  are  4  and  8 ;  and  the  number  ^3  or  34. 

3.  The  numbers  are  11  and  7. 
4^  The  number  is  36. 

5.  If  y,  X  denote  the  digits,  then  a;«2,  y»5. 

6.  The  numbers  are  8  and  4. 

7.  The  number  is  72. 

8.  a;-i(8±>/6),  y«l. 

9.  ar-J(6±>/6),  y-±J>/5. 

10.  Eliminate  y  between  the  equations,  and  (3a; -  2)^  -  3(3a;-  2)  -  2«0. 

XXXII. 

1.  If  X  denote  the  length  and  y  the  breadth,  then 

2aj+2y=680,  and  (a;'+y«)»-260. 

2.  If  a%  y  denote  the  sides,  2a; + 2y  «■  n(a;  -  y)  and  xy  ■> m(a;  -  y). 
8.  If  X,  y  be  the  sides,  aj»  +  y »  -  109(aj + y ),  a:»  -  y  »  «  229(a;  -  y ), 

find  xy  and  (a;'  +y«)*. 

5.  Let  A  BCD  be  a  section  of  the  square  tower  in  the  same  plane  as  the  line  of 
mil,  C  the  angle  nearest  to,  A  the  angle  farthest  from  the  line.  Let  the  sides  AB^ 
BC,  CD,  DE  of  the  square  be  produced  to  meet  the  line  in  the  points  E^  F^  O,  ff 
respectively,  and  from  C  let  CK  be  drawn  perpendicular  to  the  line  EH,  Then  CK 
is  the  distance  of  the  nearest  corner  from  the  raiL  Let  AB=x,  CE^y,  also 
£0=^av,  OP=lv,  FH=^cv. 

Then  equations  may  be  formed  which  will  give  — y~~^   ^^  length  of  a  siJo 

nhti 

of  a  horiiontal  section  of  the  tower,  and  ^-- -^  the  distance  of  the  nearest  comer 

(a*+c*)» 

to  the  line. 

6.  Let  a;^  as,  y  denote  the  edges,  then  a;'y= a*,  2{a;*+2a;y)->5*,  4(2j;4-y)««L 

7.  Let  as-y,  a;,  a;+y  denote  the  edges  of  the  cubes, 

thena;— y+a;+a;+y«a,  and  (aj-y)»+a;»  +  (a;+y)»«c* 

8.  Let  XfX^y  denote  the  dimensions  of  the  chest. 

Then  aB*y  denotes  the  external  content,  (x-2)*(y-  2)  the  internal, 
.".  x*y  -  (a;  -  2)«(y  -  2)  -oontent  of  the  boards  -a;«y. 
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Also  external  ftunac6-i2(x*+22j^),  and  mtenial=2{(a;-2)*  +  2(2-2)(«^-9), 
and2(a;«  +  2;ry)-?|/2(aj-2)*  +  2(aj-2)(y-2}. 

9.  Let  z  denote  the  circmnferenoe  of  the  fore,  y  of  the  hind  wheel, 

Then  120^120^^^  2^.m+i. 
X       y  aj+8    y+8 

10.  A*B  atock  was  £600  and  ^a  £430.    Ahio  A*%  gain  waa  £60  and  ^8  £40. 

11.  Sappoae  x  oranges  sold  for  y  pence,  then  -i^.t(_-  and  — l!!_s^^. .. 

se  +  o    X    2  SB  — 5    X    2 

The  first  equation  reduced  gives  »*+&c=10y,  the  second  «^— 5jrsl0y.     The 
equations  are  therefore  incompatible. 

XXXIII. 

1.  Here  «» +  y »  +  5*  -  8ajj/2==(aj +y + 2)(x*  +  y»  +  s«  -  icy  -  a*:— j^2), 
(a:  +  y+«)*-(j;'+y«+2«)=2a;y  +  2xs  +  2ys--a«-fe«, 


xy+xz+yz- 


a«-6«    8ft«-a« 


.*.  a;*  +  y'+2»— jey-az-yz=6'—  _ 

Hence  g(^*-«')^c»,  or  a» -8a5»+2c»=»0. 
2 

2.  a«-2ai«+c»-3rf»=0. 
8.  a»-2crf  +  &»«0. 

4.  Since  ?+^.^+-^  ?+e=f+f,  f-f-^=U?, 
au;6yaa;(;26ye2 


or 


then  ?-?'=*-*,  ?-?L=i-^,  ^Z-?^^.?, 
a6ya;ac2SB&c2y 

//J* -fly    hx—ay    cx^az    ex -as    ey-hz    cy—hz 


•»  — » 


a6  2;y  oc  X3  ^  y;: 

Hence  ai^.ry,  atf=js,  he=yz,  .•.  a:'y's*=a'6'c',  and  a;yc—a&(;» 

also  x=a»  y=&»  2=^ 
Hence  (x+y+2)*=(a+6+c)»=0,  anda  +  &  +  c=0. 

6.  Hereaj»+y»+3»-8ary2=0, 

or  («+y+z)(a5«+y*+2*-ary-as-y5)=0, 
.*.  a;+y+s=0,  and  8a-«+2=86-y+a:=8c-s+y. 
From  these  equations  a;=a  -  &,  y^h-e,  z=c—cl^ 

.'.  aj  +  y+2=(a-6)  +  (6-c)  +  (c-a)=0. 

6»c*+a«c*  +  a*6«^       Sc+7cTo6 

7.  ?+y+*  +  l=«+l,  and?+l^+-+l=/5+l. 
y    2    a;  2    a;    y 

.-.  («  +  l)  +  (iB  +  l)=<£±y)iy±f>(!±lL£'.  .-.  c«=a»/(a  +  l)  +  (3  +  l)}. 

xya  a*  *  ' 

8.  From  the  third  and  fourth  equations  y» — .^.a%    2=> — •—•  sc 

a*  X  a^  X 

Snbatitute  these  values  of  y  and  2  in  the  first  and  second,  and  when  the  equal iui» 
are  reduced,  from  the  firsts  «•=  -__.____- — -_-, 

and  from  the  second  a«=aV«  j  Jl^I-  +  -?XL+  .f!*!L  |  *\ 
menceaV>  +  5V'+c'«''=-^^  +  -i^  +  -^.. 
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9.  Add  the  first  and  second  equation!, 

thena;«+y«=aj«+y«  +  2*«-2ayz-26a»,  .•.  »=a2/  +  &c(l). 
Similarly,  y^az+cx  (2),  from  the  first  and  third, 

and  x=bz+q/  (3),  from  the  second  and  third. 

From  (1)  and  (2)  -=Llf^,  from  (1)  and  (8)  *=^±^. 

y    o6+c  y    l-o* 

Whence  a*  +  6*  +  c«  +  2ahc=^l. 

10.  Since  iB»(y+«)=a»,  y*(a;+z)=6»,  z*{x+y)=e\ 

.•.  aj«y«2*(a;+y)(aj+2)(y+a)=«a»ft«c«, 
and  jj»y»«»=a*6>c»,  .'.  (a?+yK«+»)(y+«)=a5y«f 
or  x^y + y*x + y  »s + «*« + yz*  +  «•«  +  2a;yz= jcy«, 

andgV+ay^+y*s+sy«+s*2;+a;»g=--igyg,  .%^*y'*'^^*'^y*^'*'y^*'*'^*'*'^*^  =  -l. 

«y2 

But£l<^±f)=£l=^.  or  ?+?=£!.    SimiUriy  f +?=*!,  £  +  f=^. 
x^        ahc     he         z    y     he  z    y    ae    y    x    ab 

,    x-\-z    x+y    y+«    a*    6*    c*    o*+5*+c» 

y  z         X       be     tte    ab  abc 

x*y+xy^  -hy^z-k-yz*  +ag*  +x*z    a*  +  h*  +6* 

a;y«  "~       abe 

Hence  5^!i^lt£!=-l,  op««  +  6«+c»+«&=0. 

11.  a«+ft'+c«-2ai=l. 

12 ? I I 0. 

(c—h)(c"a)    (6-c)(6-rt)    {a-c){a-b) 

13,  a«+c««0. 

15.  Multiply  the  first  equation  by  x,  the  second  by  y,  and  the  third  by  z ;  then 
since  xyz=abe,  the  first  equation  becomes  <ix*-\-(ibe=hcx ;  similarly,  (y'  +a^=afy, 
ez^+abe^sBobz,  from  which  x,  y,  z  can  be  found  and  substituted  in  xyz=^dbe. 

16.  From  the  first  and  second  equations  \      =s~,  from  the  second  and  third 

ab+c    y 

X    h+ae 
y'^be+a 

17.  Sinoe?+??=c  .-.  ^+2+1^=0%  and  ^-2  +  ?^-c«-4, 

y    X  y*  x^  y*  a;* 

.'.  --?^='±(c«-4)»,  but?+??=c,.-.  ?^=c±(c«  -  4)*. 
y    a;  y    X  y 

SimUarly  ^=a±(a«  -  i)*,  and  ??==6±(6*  -  4)» , 
.-.  {<;±(c'-4)»}.{6±(J«  -4)»}.{o±(6'-4)»}=^.^.|=& 

XXXIV. 

2.  From  the  equations  are  deducible  a;y=12,  Z2=5,  y3=20,  and  x^%  y«4, 
i;s  5.     This  is  one  of  the  problems  of  Diophantus. 
8.  Multiply  the  equations,  and  x^y*z*—a*h*e*. 

4.  Hero  2?yz=:^=— ^L  ;  find  y,  z  in  terms  of  x^  and  substitute  in  the  first 
X      y      z 

•equation,  and  a;=:±  j  ^—  |  • 

a.  Eliminating  y  and  s,  (a  - 1 )»«  -  («  -  !)«=«- a«. 
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6.  Since  x+y—axy,  .•.  -^t^t.    SimUaTly  for  the  other  two  eoaationa. 

y    X    a 

8.  -Add  the  three  equations,  2xi/+2xz  +  2yz=a*-^h^+e^,  and  2a;y+2a»=2a% 
.%  2y2=6« +c«-a«.     Similarly,  2ajy=a»  +  6»  - c»,  2a»=a»+c«-6«. 

9.  Perhaps  the  simplest  mode  of  solving  this  equation  is  to  sssnme  y=fix,  and 

Z=sVX. 

Then  a^*+ay_  «'(!+«)  ^10    ^^^  y»  +?/»«;«(««  +ttp)_21_7 
y^+yz    x^{u^  +  uv)'^2V  z^-i-xz     x*(v*+v)     24    8* 

Next  find  v  from  the  former  in  terms  of  u,  and  substitute  in  the  latter  equation. 

10.  xyz=a^{x+y)  .'.  —  + — =2..    Similarly  for  the  other  two  equations. 

yz    xz    a' 

12.  a*y+b^x=xyz,  .•.  ^4.^=1. 

xz    yz 

13.  It  will  be  found  that  the  third  equation  is  the  same  as  that  found  by 
eliminating  s'  between  the  first  and  second  equations.  Hence  the  solution  is 
indeterminate. 

14.  By  equating  the  values  of  y  from  the  first  and  second  equations  and  the 
second  and  third,  xz={a+c)x—ae. 

15.  By  eliminating  a  and  b,  x+z-^2y=0. 

16.  From  the  first  equation,  y^gg+g^g+q'+l^^  fojnj  the  third,  y=a+?l±!!. 

z-a  z-a  SB-a 

Hence  s=a  +  (lZ-'*i^±£l,  but  from  the  second  a-a+^^ll^', 

x-a  a*+r  a'H-p 

17.  The  equations  are  homogeneous,  let  y^ux,  and  zmmvx. 

18.  Eliminate  x  and  y,  and  then  find  the  value  of  2. 

*19.  Multiply  the  equations,  and  (»+y)*(y+2)*(3+a?)«-a»6«c*. 
Extract  the  square  root  .'.  (x+y){y+z){z-^x)'mdbe. 
Divide  this  equation  by  each  of  the  given  equations  respectively, 

c  a6c  2abc 

and  similarly  for  y  and  x. 
20.  The  three  equations  may  be  put  into  the  forms»  a'|(y+2)'— y'a'l—aj'y'z'^ 

6«{(3+a;)*-s*a:'}-a;«y«a*,    c«{(a;+y)*-aj«y«}-a;V2'.     Or  the  first  equation 

may  be  reduced  to  the  form  (-+- )  — —  «■ — ,  also  the  second  and  third  to  the  sama 

\z    yf      jc*     a" 

form,  and  the  sum  of  the  three  equations  wiU  give  |i4.1:^i|    at-.^-.^--. 


XXXV. 

1.  Subtract  the  third  from  the  first  equation,  and  (l'a;)(l-y)='12,  and  the 
third  from  the  second,  and  (1  -a;)(l-2)«7.    Divide  the  former  by  the  latter  and 
1-y    12 

l-«"7' 

2.  Add  together  the  square  of  the  first  equation,  and  twice  the  second,  and. 

«»+y"+2«  +  4«y=22.     Subtract  the  third  from  this  sum,  2a;«  +  4iry +2y"=18. 
%,  Subtract  the  second  from  the  square  of  the  first  equation,  and 
2(a^+a»+ys)=aa*  -  J*,  x-{-z^a  -  y,  and  a»«c'. 
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5.  Fiom  tlie  second  equation  y+ss=18-ar,  sabatitiite  in  tbe  third  and 

a;«  -  &c=  -  65. 

6.  aj«+s*+2y=14,  bnt  14=x«+y«+2«,  .'.  y«-2y. 

7.  The  second  equation  is  sc(y +z) +y3=3c«,  from  the  first  y  +  «=3c  -  jr,  from  ths 

thifd  y«=— ,  substitatiog  in  the  second  eqnation  x*  -  Zcx^  -\-Zc^x-e*=0^ 

or  {x-e)*=0,  which  indicates  3  roots  each  eqoal  to  c 

8.  From  the  first  and  second  equations  2xyz=Zy, 

9.  From  the  second  equation  x+y^Xy/2,  and  from  the  third 

2«  +  2(a;  +  y)2  +  (a;  +  y)*  =««  +  (ar  +  y)«  =  Jt«  +  2j;»  =  8a:% 

.•.  z+x  +  y=±x^S=ci,  .'.  x==^. 

11.  Find  the  ralnes  of  xy,  xz,  yz,  by  elimination. 

12.  From  the  first  and  third  equations  3y*=:75. 

13.  By  adding  the  three  equations,  (a  +  6 + c){x + y + r) = 3(x-  +  y  +  :)  *• 

14.  flercy2+xs+xy==o«— X*  =6* -y«  =€*-«*, 

.'.  a:'+(y+2)-c+yr=a%  or  (j+y(a;+«)=a»  ; 
also  (y+a:)(y+2)=6«,  (2-a;)(2-y)=c*  ;  whence  (a;+y)(y  +  r)(s+x)=a*t*c«. 

15.  These  equations  are  homogeneonsy  or  the  solution  may  be  effected  otherwise 
by  first  adding  them  together. 

16.  From  the  first  and  second  equations  by  eliminating  x,  ^^*=-yz-l. 

z     X 
Sinilarly,  ?+r=-arc-l,  ?+?^= -J-y-1. 

z   X  y   X 

.•.%t  +  y  +  %?  +  y=-(^y  +  ;,.,  +  y.)-3-=-8. 

z    ^     z    y    y    X 

and?+?+y+5+?+y+2--l; 
2    X    z    y    y    X 

K  z    X    z    y    y    X       ) 

but2iry2=(l+a:»)(l  +  y«)(l+2«)=(?+f+?+*+?+y+2V. 

\z    X    z    y    y    X      I 

Hence  2xyz=l,  and  y2=^^  ;  substitute  this  in  the  second  equation, 

2x 

and  a:(y+2)==  — yz—  -  —  ;  .•.  y+2=  -  _  .     Next  substitute  in  the  first  equation, 

andaj+y+2—.Twz=ajX— =-, .'.  y+2=sr-a5, 

2aj    2  2 

Hence -—=1  -  x,  and  2a:»— aj*=l=0,  or  x*  - «•  +«» - 1  —0, 
2a:«     2 

anda;«(a:-l)  +  (a!»-l)-0,  .-.  (aj-l){««-(a;«+«+l)}=0. 

18.  These  equations  are  homogeneous  with  respect  to  x^  y,  2.     Let  y=ux  and 

19.  From  the  second  and  third  equations  a;*y  +  xy*  +  x*z + xz*  +  y^r  +  yz*  ■■3a*, 

but  (x+y+2)« -«• +y« +2* +8(a;+y)(a:+2)(y +2), 
whence  8{x + y)(y + 2)(2 + jc)  •  -  30a». 

20.  These  equations  are  homogeneous  with  respect  to  «;  y,  z.     Or  otherwise,  they 
can  be  put  into  the  form  {x  -  y){«  - 1)=  -  «',  («— y)(2 -  j?)=3  -  6»,  (y  -  2)(r  -  aj)=  -  c* . 

22.  Add  x*  to  the  second  equation,  •'.  (a;+y)(X'f2)=33+a;*.     Substitute  tliis 
in  the  third  equation,  and  (83+a;')^+2)=294^  but  y+s=10-a:^ 
.-.  (88  +  «»)(10-a)=-294,  whence  a;»-10x«  + 38x- 86=0,  aud 
••-8Jc«-7a:«  +  21ar+12ar-86=0,  or(aj-8)««-7(a:-3)a;  +  12(x-3)=a 
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X    y    z    2  x)jz  2  2  ^ 

7  7  1 

But  hince  a;+y+s=^,  y+z^-^x,  andaryz-l,  ys--, 

make  these  sabstitations  in  the  first  equation, 

ajidx(l-x\+-Jl^,  .-.  7a:«-2a:»+2-7aj, 
V2      /a;    2 

or  2x*  -  7x»  +  7aj-  2-0,  or  2(a;'  -1)  - 7ic(a;- 1)«0, 

.-.  (a;-l){2(a;»+aj  +  l)-7x}-0. 

2.  From  the  first  equation  yz-xs-xy—O.    Add  twice  this  equation  to  th«? 
second,  and  (y+2-a;)" -86,  and  y+2-a;-±6,  also  a;+2y +  3z-12. 

Hence  8y + 4z  - 18  and  6. 

3.  By  eliminating  x  and  y,  2*  +  c(ji?  -  g)*  -  c"  -  0. 

4.  flerey-6-!!i^":^\   2-c-!^«\  by  substitution 

±fr  r     ±mr  ^_^^ ±nr 

6.  From  the  second  equation --l-?^-l,  and.'.  --?^,  ondy»-«:, 

y         2  y    2 

buty«— fcr,  .-.  xz^bz,  andx-5. 
6.  Find  the  values  of  y  and  z  in  tenns  of  x  from  the  first  two  equation.*,  anl 
•ubstitute  these  values  in  the  third. 

8.  The  equations  may  be  written  i+i-i.  ^+^,-^»  JJ^+^^J^' 

,211121112111 
fiomwhichmaybefound_--+--^,  _._-  +  -.-,  --«_  +  -^  +  -^, 

»nd  -«  4a»6«cn&*c«+a«c«--a'6«) gimiUrly  for  y«  and  »». 

9.  Add  the  equations  and  (aj+y+2)»-a»  +6*  +c*. 

10.  x+y+a-— --^--.  is  a  form  in  which  the  equations  can  be  expressed.     By 
a*     6*    c* 
adding  the  proposed  equations  there  arises  a»  +  6»  +  c*  - 1.     Explain  this. 

12.  In  the  second  equation,  substitute  the  values  of  xj,  ar,  y,  1  ~  ar,  1  -  s  in  terms 
of  y,  and  the  resulting  equation  for  finding  the  value  of  y  is 

aV .. 

^"|(l-6Xl"y)-ty}{(l-a)ll-y)-«y} 

XXXVII. 

2!  FroiTho^filsT  equaTi7n''ax»  - 6  { (y  -  x>  -  y«  },  and  from  the  second 
a{  (aj -  «)y  -  y"  }  -  ^*-     I>ivid"'«  *^«  ^*^'"*®'  ^y  *^®  ^^^* 
g*         .  (y-2)^-y* .    Beduoe  this  expression  to  its  simplest  form. 
{x—z)y-'y^ "        «* 

«»  Since  f?+??+?-l,  .-.  tcar+acy+ote-oftc,  squaring  this  equation, 
a    b    c 
i»«c*x«  +  o«c'y«  +a«6«s«  +2«*Jc(cxy+ te  +  a^) -»***«  • 
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fi      h     e 

Bat  since  _  +  -j— —O,  .'.  cxy^-hxz+ayz^O, 
X    y    z 

Hence  6«c««»+a«c»y«+a'*'2'-a**'cS  and— +^+*--l. 

a'     &•     c* 

4.  ElimiDate  x  between  the  giren  eqaatlonSy  and  the  resalt  is  reducible  to 
2(c-a)(a  -  b)yz^(a  -  6)'2*  +  (a  -  6)2«. 

5.  The  equations  give  «: g^^—,  y — . ^^_-; 

whence «+l-<^±^:-Z^',  x-lJlzh'-I^, 

2bc  2be 

and  ^+l^(c+ft"^)(«+&  +  g)^  and  the  rest  in  like  manner. 
a;-l     (c-6— a)(c+a-6) 

6.  Fiom  the  proposed  equations  Z-J—-  — "^      ^-—  . 

From  the  equality  of  the  first  and  second^  a^  ^\y-^)^J^ 

2y-x 

and  from  the  equality  of  the  second  and  third  a*  niiZzl!!:^, 

2«— y 

8.  First,  equating  the  first  and  third  expressions,  ^^(og— 2)y^ 

Next,  equating  the  first  and  fourth  expressions,  and  substituting  the  value  of 
b;  d« ^^ ;  thirdly,  substituting  this  value  of  a  in  the  equation 


fU* 


between  the  third  and  fourth  expressions,  and  b^ — . ^Ml .    Lastly. 

'^  »»  (»«-?n«)n«+n«y*  "' 

substitute  a  and  b  in  the  equality  of  the  third  and  fourth  expressions,  and  reduoo 

the  result  to  its  simplest  form. 

9,  Take  the  sum  of  the  squares  of  the  first  and  second  equations,  and 

(a«+6«)  +  2a;(a*  +  M)  +  (a«+6»)a;«-y»+aj«. 

But8incea"  +  ft«-l,   .•.  a*  +  6*-l-2a»6«,  a«  +  6«-l-3a«*«. 

Make  these  substitutions,  and  a«6«  „(l  +  g)«-y* -g« 

ix  +  3         ' 
then  combining  this  equation  with  a^  +b^»l,  a^  and  5*  can  be  found  in  terms  ot 
X,  y,  z,  and  then  lastly  substituting  in  a^+b^=l,  an  equation  is  determined  in* 
volving  only  x,  y,  z, 

12.  To  simplify  the  work  put  m,  ti,  p  fot   (a'-yz)*,    (M-as)*,    (c«-xy)|, 
respectively,  and  since  every  square  root  is  both  positive  and  negative, 

xyz={a+m){b+n){e+p)=abe+bcm  +  acn+abp+anp+bmp+cmn+mnp, 
xyz= {a  -  m){b  -  n){e-^p)=(ibc  -  bcm  -  acn — afcp + anp + bmp  +  emn^  mnpg 
,\  ixyz^^iiabc+anp  +  brnp-i-cnin),  and  anp-hbmp  +  cmn-^abe=xyz, 
and  0 = 2{bcm + ctcn + abp'\-vinp)f  ^  I 

.•.  bcm-{-€ten  +  dbp=—mn2),  t' 

and  6*c«m«  +a*c*»"  +a*ft*j[>'  +  2aftc(cj?i»+ &wi|> +aW;p)=wi«»*;)% 
or  6«c«m»  +  a«c*n»  +  a*6«|j*  +  2abe{xyz  -  abc)=7n^n^p*, 
.  Restoring  the  values  of  m,  »,  p, 

.  •.  J«c*  (a«  -  yz) + a*e* (6«  —  «) + a*  &«  (c»  -  xy)  +  2a6c(a;ys  -  abc) 
■»(c"  -  JPy)(&'  -  xz){a*  — y2)=a*6'c*  —a^e^xz + 6*c*ya + a^b^xy + xyz{c*z + o'x + ft^y) 

-««y«2«. 
Hence  rejecting  common  quantities  on  each  side,  and  reducing  the  result^ 

»•« + d'y + c*2=«y«+ 2a6c. 

18.  From  the  first  equation  y^=   ^  ^,  and  from  the  second  y*=-?^— T-fL. 
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XXXVIIT. 

1.  Let  X,  y,  X  denote  tha  three  nambers^  thea  z-»x=^5,  (x-\-y-\-z}xm.iS, 
{»  +  y+z)z-=l2S.  ^' 

2.  Since  the  nnmber  is  greater  than  100  and  less  than  1,000,  it  consists  of  three 
digits.  Let  X,  y,  z  denote  the  digits  in  the  place  of  units,  tens,  hundreds ;  then 
y=2x,  100aj+10y+s+99=100z  +  10y+a;,  a:«+y«+2»=21. 

8.  Let  X,  If,  9  denote  tha  numbers,  then  x+y+z=»15p  «*+y*+«*=>495,  and 
andas-y=y-2, 

4.  If  X,  y,  z  denote  the  numbers,  then  x-y,  y-z  are  the  differences,  and  the 
difference  of  the  differences  is  a;-2t/+2=5,  also  x+y+z»20,  and  xyz^lZO, 

5,  The  three  numbers  are  respectiyely  ±(6c)*,  ±(ac)*,  ±(oJ)*. 

9.  If  Xf  y,  z  denote  the  digits,  then  z=y-\-x,  ya:=j;+y +«  +  2, 

100z+10y+«^gg 
2+y+a; 

7.  Let  X,  y,  s  denote  the  three  numbers,  then  x+y+xy^ct,  x+z+xy^mh, 
y+z+yz—c. 

If  1  be  respectively  added  to  each  of  these  equations,  they  become 
l+^'+y+ary-l  +  o,  &c.,  or  (l+a;){l+y)-l+a,  (1 +«)(!+ 2)  =6,  (l+y)(l+c)-& 

Taking  the  product  (1  +  a;)«  (1  +  y)'  (1  +  «)•  =  (1  +  a)(l  +  h){\  +  c), 
and  (1 + x){\  +  y)(l  +  a) « (1  +  a)J(l + ft)*(l + c)».    Whence  a?,  y,  z  are  readily  found. 

Otherwise,  by  snccessiTely  eUminating  x,  y,  and  finding  the  value  of  z, 

8.  V,  Xy  y,  2  denote  the  four  numbers,  and  let  a,  (,  c  denote  the  three  products 
respectively.  Then  (p-a;)(y-2)"-a,  (v— y)(a5— 2)-i&,  (r— z){aj-y)=c.  From  the 
first  and  second  equality  {jo-z)(x^y)^a-h\  .'.  a^^h-i-c,  the  relation  of  the  three 
products. 

9.  Let  ?,  -  denote  the  fractions,  then  !i±^=?^,  ?i:i^=?,  i*+aj=2(»-y). 

r    y  «+y     9v    v—y    2 

10.  Let  X,  y,  2  denote  the  sides  of  the  triangle,  then  x+y+Z">56,  a;'+y*»2% 
and  xyz- 4,200. 

11.  First,  let  £810  lis.  8d.»m,  £841  ls.=n,  £586  14s.  4d.=27,  ^»£3  17s.  10}d. 
And  suppose  x  ounces  of  gold  and  y  ounces  of  silver,  and  that  z  is  the  price  of  an 
ounce  of  silver,  then  qx+zy^ m,  ^x '^y)—r^  zx+qy^n.  From  these  equations;, 
X,  y,  2  may  be  found  in  terms  oi  p,  q,  w^  ih  <uid  by  substitution,  the  required 
numerical  results. 

12.  By  taking  successively  each  of  the  first  three  equations  with  the  fourth, 
may  be  found  iia;ail80  and  110,  zysSSO  and  60,  ys^-llO  and  180,  2U=:60  and  830, 
tty— 264  and  75,  xz^75  and  264.  Whence  the  values  of  u,  x,  y,  z  may  be  deter- 
mined, and  these  numbers  point  out  the  four  letters  of  the  alphabet  required. 

XXXIX. 

-—  j  *  -  ^  }  -3-  J  "=*  — 2. 

2.  First  add  one  to  each  side  of  the  equation,  next  subtract  one  from  each  side, 
thirdly  divide  the  former  of  these  results  by  the  latter,  and  ae<*~''>*=^*"*",  . 

•      i  f     » 

3.  (1)  Since  aj"y"=a,  and  afy*==J,  .-.  ajy"  =0"  and  xyp—l^. 

Divide  the  former  by  the  Utter,   l,'\^^*  ^^  •'•  ^"^  1  ^  }  **"*  ;  «  may  bo 
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foand  by  the  same  xnrocess.    The  other  three  equations  may  be  solyed  in  the  same 

manner. 

4.  These  equations  may  be  solved  by  the  same  method  of  elimination  at  those 

in  3. 

f  "  f 

5.  Since  7Pi=y  and  aj*=2/",  x^y*  and  a:=y", .'.  3/^=^^,  and 

.*.  also  -=— ,  and  x=^.       Substitute  this  value  of  x  in  the  second  equation, 
y    m  m 


f 

m 


then  "^^r. .:^=^\^'.^rr-'W " 

6.  Divide  each  side  of  the  equation  by  x,  then  a5''"*=2  -a''"', 

anda*"*+a;*'~*=2, 
which  can  be  solved  by  a  quadratic  equation,  from  which  a;''~*'=l  and  -2. 


7.  Divide  each  side  of  the  equation  by  a;*'^,  and 


Multiply  each  side  by  aj^,   .'.  «'"=!  .  ^^^f^^  •  «"  +s  '  ^i"- Ti  »  ^^^^^  ^'^ 
le  solved  by  a  quadratic  equation. 


XL. 
1.  (1)  liCt  a;+a"OT*,  then  a-a— m*-2a.     Suppose  iii*-2c»«(m-a)*,  then 

w—^Li?,  and  w«— J(a*  +  4a  +  4),  .'.  «•«»« -a— ^L_ti,  in  which  a  may  be  any 
number.    If  a  be  odd,  x  will  be  fractional,  if  a  be  even,  x  will  be  integral. 

(2)  Let  «•+«=(«+/>)•■■««  +  2j)a;+i>',  .'.  a?»^~^  ,  where  jp  must  be  a  fraction 

2p 

in  order  to  obtain  positive  values  of  a; :  if  »  •  - ,   then  x — ^ ,  and  if  o = I , 

n  2mn 

then  ««  +  1  =:^1±?!!^!5l±!5!,  which  is  a  complete  square. 

(3)  If  a=l,  2x«— 1  is  a  square  when  «-»l,  6,  &c 

(4)  Here  a-\-hx+ex*  is  a  square,  if  iaxex'^»(hx)*.    Also  when  h^^iac  is  a 
square,  a-f  fce+cs*  may  be  resolved  into  two  factors. 

Let  m-\rnx  and^+^o;  denote  the  factors, 

then  (a  +  aa:+c»«)»={(f«+na:)(;?+3x}»-!!^5Lt!5?i\    Suppose, 

whence  aj-!?n.l£!!. 
(6)  Is  a  particalar  example  of  this  case,  for  a* 6,  &«13,  c*6,  (*  -  4ae«25. 
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Here  the  factors  ai-e  2  +  8*  and  8  +  2*,  and  »-?flll^,  x^^*"^^*^^    '* . 

8r»-2«»  8r«-2*«    r«_a 

••~8 

r*  S  2 

In  order  that  x  may  be  positive  —  must  be  less  than  - ,  but  greater  than  -. 

There  are  other  cases  which  may  be  considered  when  a  is  a  s^nare  number,  also 
when  c  is  a  square  number,  and  the  cases  in  which  the  expression  cannot  be  made  a 
square. 

2.  (1)  Since  hx+7y-2y—xy,  .*.  ag»^""  ^,  and  any  assumed  value  of  y  will 

y-6 

l^ve  a  corresponding  value  of  a;.     If  the  equation  be  restricted  to  positive  values  of 

sc  and  y.     Let  y""l,  2,  8,  4,  5,  6,  7,  &c. 

It  will  be  found  that  the  corresponding  values  of  «  are 

y.,  6,  4,  1,  ^,  18,  10,  &o. 

When  y^lt  x^ — ;  y^5,  x^-,  these  values  of  x  and  y  must  be  rejected,  as 

not  being  positive  integers. 

(2)  From  8v-a;^+4a;  +  2=0,  x»  ^      ,  here  v  must  be  greater  than  4  in  order 

y-4 

to  obtain  positive  values  of  x  and  y. 

(7)  The  equation  2x(a!  +  y)  +  y« -5{y-8)  =  0  may  be  reduced  to  the  form. 
y+2(ar-8>y--18-2aj'. 

(8)  x=l,  8,  4,  7;  y=39,  19,  16,  ».        (9)  a;=4.  5,  6 ;  y=27,  11,  5. 
(10)  The  least  values  are  a:=s70,  2^=80. 

8.  Let  as,  y  denote  the  numbers,  then  a:'  +  ]/'  is  to  be  a  square  number.    Assume 

a;«  +  y'=(n«-y)'=7i'jc'  — 2iia?y  +  y^,   then  x= — ^;    and  for    all    values  of  x, 

x'  -1 

corresponding  values  of  y  may  be  found.  If  integral  values  of  x  and  y  only  be 
required.  If  y^x^  - 1,  then  x^2n,  and  by  taking  x=2,  8,  &c.,  a  series  of  corre- 
sponding values  of  y  will  be  found. 

Next  let  a;'  -  y'  =  (ar— ny)',  and  by  a  similar  process,  if  y = 2n,  then  a;=a*  + 1. 

8.  Let  the  numbers  be  «",  y*,  «*,  then  a;*+s'=2y'.  Let  x=m-hn,  and 
y=m-»,  thena!*+a'=»2(w'+n*)=2y%  and  m*+»*=y*,  the  question  is  reduced 
to  find  m  and  n,  the  sum  of  whose  squares  shall  be  a  square.  See  example  4.  The 
numbers  1,  25,  49,  and  4,  100,  196,  are  two  integral  solutions  of  the  problem. 

9.  Lot  X  denote  the  number  of  men  in  the  side  of  the  first  of  the  five  hollow 
squares,  then  a; +5,  a; +  10,  a; +15,  x+20  are  respectively  the  numbers  of  men  in  a 
side  of  the  other  four  hollow  squares. 

Then  x>  -  (a;  ~  10)*  ===  number  of  men  in  the  first  hollow  square. 
(a;  +  5)*  — (a;— 5)*=  „  ,»  second         „ 

(x  +  10)«-aj»=  „  ,p  third  „ 

(«  +  15)«-(a;+6)«=-  „  „  fourth         „ 

(a!+20)«-(a;+10)«-  „  „  fifth  „ 

The  whole  number  of  men  is  100a; + 500.  If  y  denote  the  number  in  the  side  of 
the  solid  square,  then  y*=^  100a; +500,  and  it  is  required  to  determine  «,  so  th»t 
100(x-|-5)  may  be  a  complete  square. 
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RATIO,  PROPORTION,  AND  VARIATION- 

Art.  1 .  Two  unequal  magnitudes  of  the  same  kind  may  be  compared 
by  considering  how  much  (qtMntum)  one  of  them  is  greater  than  the 
other;  or  how  many  times  (^0  one  contains  the  other.  The  former 
lias  been  named  their  arithmetical,  the  latter  their  geometrical  relation ; 
and  it  is  in  this  latter  yiew  the  subject  of  ratio  and  proportion  of 
quantities  is  considered. 

Ratio  has  been  defined  to  be  the  relation  which  one  quantity  bears 
to  another  of  the  same  kind  with  respect  to  quotify,  and  the  com- 
parison is  made  by  considering  how  many  times  one  quantity  is  con- 
tained in  the  other,  or  what  multiple  part  or  parts,  one  is  of  the 
other. 

If  a,  h  denote  two  quantities  of  the  same  kind,  a  may  be  compared 
with  by  or  h  with  a.    If  a  be  compared  with  b,  the  ratio  of  a  to  5  is 

denoted  hj  a:b,  and  is  represented  by  the  quotient  ^,  which  is  called 

b 

the  measure  of  the  ratio  a :  b,  and  indicates  how  many  times  b  is  con- 
tained in  a,  or  what  multiple  or  fractional  part  a  is  of  i,  and  the  ratio 

41 :  b  may  always  be  changed  into  a  fraction  ^,  or  the  fraction  into  a 

0 

ratio. 

It  is  also  evident  that  the  properties  of  ratios  are  dependent  on 
the  principles  of  fractions.  The  two  numbers  a,  b  are  called  the  terms 
of  the  ratio  a :  b,  the  first  is  called  the  antecedent  6!  the  ratio,  and 
the  second  the  consequent.  If  the  antecedent  be  greater  than  the 
oonsequent,  the  ratio  is  said  to  be  one  of  greater  inequality ;  but  if 
ihe  antecedent  be  less  than  the  consequent,  the  ratio  is  named  a  ratio 
of  lesd  inequality. 

The  ratio  of  two  concrete  numbers  of  the  same  kind  is  the  same  as 
the  ratio  of  two  other  concrete  numbers  of  a  different  kind,  when  the 
antecedent  of  the  former  two  contains  the  consequent  or  the  same  part 
or  parts  of  it,  as  the  antecedent  of  the  latter  two,  contains  the  con- 
eequent  or  the  like  part  or  parts  of  it. 

Two  or  more  ratios  may  be  compared  by  reducing  their  corre- 
sponding fractions  to  a  common  denominator,  and  comparing  the 
numerators. 

If  the  antecedents  of  two  or  more  ratios  be  multiplied  together 
for  a  new  antecedent,  and  their  consequents  fbr  a  new  consequent, 
then  the  resulting  ratio  is  said  to  be  compounded  of  these  ratios,  as 
if  a:bf  e:d  be  any  two  ratios,  then  the  ratio  of  aeibd  is  said  to  be 
compounded  of  the  ratios  a :  h  and  « :  d.  And  similarly  for  any  number 
of  ratios. 


If  two  equal  ratios  a :  h  and  a:h  he  compounded,  the  resultingp 
ratio  is  that  of  a' :  &*,  which  is  called  the  duplicate  ratio  of  a  to  &. 

In  the  same  manner,  if  three  equal  ratios  be  compounded,  the  re* 
flulting  ratio  is  o^ :  &',  and  is  named  the  triplicate  ratio  of  a  to  i. 

In  a  series  of  ratios,  if  the  antecedent  of  a  succeeding  ratio  be 
always  equal  to  the  consequent  of  a  preceding  ratio,  then  the  ratio 
compounded  of  these  ratios  will  be  equal  to  the  ratio  of  the  first  ante- 
cedent to  the  last  consequent. 

When  two  quantities  of  the  same  kind  are  compared  by  means  of 
numbers,  the  numbers  must  express  units  of  the  same  magnitude,, 
and  the  ratio  of  the  two  quantities  will  also  be  the  same  as  the  ratii> 
of  two  abstract  numbers  which  denote  the  number  of  units  in  the  two 
quantities. 

It  will  often  happen  that  one  of  the  two  quantities  does  not  coik- 
tain  the  other  a  certain  number  of  times  exactly ;  in  that  case  the 
ratio  between  them  is  the  ratio  of  the  numbers  which  express  how 
many  times  each  quantity  contains  exactly  some  third  quantity  of  the 
same  kind. 

And  sometimes  the  strict  meaning  of  the  definition  of  a  ratio  ia 
not  admissible,  as  in  cases  in  which  the  measure  of  the  ratio  of  twe 
quantities  is  neither  an  integer  nor  a  rational  fraction.* 

*  If  ABCD  be  a  square  whose  side  AB  contains  a  units,  the  diagonal  AC\a  equal 
to  a^2  (Enc  I.,  47) ;  and  the  ratio  of  ^(7  to  ^^  is  as  >/2  to  1 ;  also  if  ^^  be  th& 
edge  of  a  cube  ABCDE,  the  diagonal  AE  is  equal  to  c^/S  ;  and  the  ratio  AE  to 
AB  is  as  ij%  to  1 ;  both  of  these  ratios  are  incommensurable,  or  such  that  there  is- 
no  Integer  or  rational  fraction  which  can  exactly  measure  the  side  and  diagonal  of  & 
square,  or  the  side  and  diagonal  of  a  cube.  In  Euc.  X.,  117,  is  demonstrated  tfae^ 
proposition,  that  the  side  and  diagonal  of  a  square  are  incommensurable. 

Although  the  ratio  of  the  diagonal  to  the  side  of  a  square  is  incommensurable, 

approximations  may  be  made  to  the  true  ratio.    Since  >/2-*  1*4142136 If 

two,  three,  four,  &c,  figures  of  this  number  be  taken,  these  will-  be  successive  ap- 
proximations to,  but  each  less  than  >/2.  But  if  the  last  figures  on  the  right  of  each 
of  these  numbers  be  increased  by  unity,  then  these  numbers  will  be  successive  ap- 
proximations to,  but  each  greater  than  ^2,  So  that  ^,  |^^,  •}^,  &c.,  are  suoces- 
sire  approximations^  but  each  less  than,  and  \^,  |M,  HH,  &c.,  are  also  approxima- 
tions, but  ectch  greater  than  the  true  value  of  the  ratio. 

These  approximations  may  be  continued  to  any  extent,  and  therefore  the  value* 
of  the  ratio  »y2  can  be  expressed  to  any  degree  of  accuracy  required. 

It  may  be  seen  that  the  difference  of  each  pair  of  the  successive  approximations, 
becomes  less  and  less,  according  as  the  number  of  figures  becomes  greater  in  each 
^successive  approximation. 

The  ratio  of  the  circumference  of  a  circle  to  its  diameter,  or  the  semi-circumference- 
to  the  radius,  is  an  irrational  number. 

The  numbers  ^,  — ,  and  8 '141(9  .  •  •  .  are  approximations  to  the  value  of 

118 

-the  ratio  of  the  circumference  of  a  circle  to  the  diameter. 

In  the  volume  of  the  Berlin  Memoirs  for  1761,   M.  Lambert  has  printed  a 

paper   entitled    "Mdmoire  sur    quelques  propri^t^s  remarquables  des  quantity 


A  variable  quantitj  is  one  whioh  admits  of  gradual  cliaage  of  its 
magnitude,  and  a  quantity  which  can  be  made  greater  than  any 
assignable  magnitude,  is  said  to  increase  without  limit ;  and  a  quantity 
which  can  be  made  less  than  any  assignable  magnitude,  is  sidd  to 
decrease  without  limit. 

The  limit  of  a  yariable  quantity  is  defined  to  be  that  constant 
quantity  towards  which  it  may  be  made  to  approach  nearer  than  by 
any  difference  that  can  be  assigned.* 

Two  yariable  quantities  may  be  supposed  to  approach  towards 
equality  or  to  some  constant  quantity,  either  by  the  continued  diminu- 
tion of  their  difference,  or  by  the  approach  of  their  ratio  either  to  a 
ratio  of  equality  or  some  constant  quantity. 

The  limiting  ratio  of  two  variable  quantities  is  some  constant 
quantity  towards  which  their  ratio  may  be  made  to  approach  nearer 
than  by  any  other  ratio  which  can  be  assigned.f 

transcendantes  Girculaires  et  Logarithmiques,"  in  which  he  has  proved  that  both 
the  nomerical  values  of  the  semi-circumference  of  a  circle  and  the  square  of  it  are 
irrational  numbers.    The  proof  he  has  given  depends  on  continued  fractions. 

Dr.  Brewster,  in  1824,  published  a  translation  of  the  Geometry  of  Legendre, 
and  in  the  note  4,  page  239,  he  has  given  in  Knglish  Lambert's  demonstration. 

*  The  notion  of  a  limit  is  necessary  to  understand  what  is  called  the  sum  of  a 
converging  series  of  quantities  in  geometrical  progression  indefinitely  continued. 

A  convergwt  atries  is  one  in  which  each  successive  term  becomes  less  and  less 
than  the  preceding  term,  and  is  such  as  to  admit  of  a  limit. 

A  divergent  series  is  one  in  which  each  successive  term  in  general,  becomes  greatex: 
than  the  preceding,  and  is  of  such  a  nature  as  not  to  admit  of  a  limit. 

A  geometrical  series  is  convergent  when  the  common  ratio  is  less,  but  divergent 
when  it  is  greater  than  unity. 

The  words  infinite  and  indefinite  are  negative  terms,  and  the  exact  meanings  they 
have  in  mathematical  reasonings  must  be  determined  by  the  sense  of  the  positive  - 
terms  ^ni^  and  definite,  which  respectively  express  an  opposite  or  contrary  relation. 
A  finite  number  is  one  which  can  be  assigned,  but  an  infinite  number  is  one  which 
cannot  be  assigned,  and  which  can  bear  no  oonceivable  relation  to  a  finite  number. 

In  the  reasonings  on  prime  and.ultimato  ratios^  the  symbol  oo  has  been  assumed 
to  denote  a  number  greater  than  can  be  assigned.    If  the  symbol  0  be  assumed  to  • 
denote  a  number  le^s  than  oon  be  assigned,  and  not  absolutely  nothing  (as  it  is  em- 
ployed in  the  numerical  scale  to  denote  absence  of  number),  some  confusion  of 
ideas  might  be  avoided  by  the  learner. 

A  number  or  quantity  may  be  considered  to  become,  by  continual  increase  or 
decrease,  indefinitely  great  or  indefinitely  small,  so  that  at  length  it  may  be  conceived 
to  become  greater  or  less  than  any  number  or  quantity  that  can  be  assigned,  and  in, 
that  case,  it  is  said  to  be  greater  or  less  than  any  assignable  number  or  quantity. 

If  two  quantities  increase  or  decrease  without  limit,  their  ratio  does  not  necessarily 
increase  or  decrease  without  limits  but  may  ultimately  have  a  finite  limit  which' 
cannot  be  exceeded. 

\  The  following  are  fflustrations  of  the  definition* 

Mt  X  and  y  be  two  variable  quantities  connected  by  the  equation  y=x*,  and 
if  X  receive  an  increment  A,  and  a/,  y^  be  the  corresponding  values  of  x  and  yt  then 
x=x+heaid^»{x+h)*'^x*  +  2xh-^h\ 


2.  Prop.  To  (ueertain  the  effect  produced  on  a  ratio  hy  adding  the  same 
quantity  to  both  its  terms. 

Let  aihhe  the  given  ratio,  and  let  x  be  added  to  both  its  terms, 
60  that  it  becomes  the  ratio  of  a+x :  h+of. 

Then  the  ratio  of  a+x :  h+x  >  or  <  ratio  oia:  hf 

according  as  --I—  >  or  <  -, 

^      h+x         y 


.'.  y'-y— 2a:^+^«,  the  increment  of  y,  and  IL-J^  ^  K — ?^—2x+A. 

Now,  if  the  increment  h  he  supposed  continually  to  diminish,  so  as  at  length  to 
become  less  than  any  assignable  quantity,  then  the  limit  to  which  ^^^  tends,  as  h 

is  diminiBhed,  will  be  2x,  which  it  can  never  exceed  ;  or  the  ultimate  ratio  of  the 
corresponding  increments  of  y  and  x  will  be  2x, 

or  the  limit  of  %Zl^2x,  when  y— »•• 

x-x 

This  result  admits  of  a  geometrical  interpretation.    If  x  denote  the  side  or  edge, 

and  y  the  area  of  a  square,  the  limiting  ratio  of  the  corresponding  increments  of  the 

area  and  the  side  of  a  square  is  equal  to  twice  the  length  of  the  side. 

In  the  same  manner,  if  y-^x*,  and  if  y',  a^  be  the  corresponding  values  of 

y  and  x  when  x  receives  an  increment  A,  so  that  af-x^h, 

j/^{x  +  hy^x*+Zx^h  +  ^xh*+h; 

and  y*  -  y — 3a5* A + 8aj  /^*  +  A*,  the  increment  of  y, 

and?^  or  tjlIm^Zx^  +  Zxh+h*, 
h  x—x 

and  the  limit  of  tLZl^sSx'  when  the  increment  h  is  diminished  indefinitely. 

of  -X 

This  result  also  admits  of  a  geometrical  interpretation. 

If  X  denote  the  edge,  and  y  the  volume  of  a  cube,  the  limiting  ratio  of  the 
corresponding  increments  of  the  volume  and  the  edge  of  the  cube  whose  edge  is  x, 
will  be  8  times  the  area  of  one  of  the  faces  of  the  cube. 

Bishop  Berkeley,  perhaps,  was  not  mistaken  in  the  objections  he  raised  against 
the  mathematicians  of  his  time,  when,  in  1784,  he  wrote  in  the  Analyst:  **  I  have  no 
controversy  about  your  conclusions,  but  only  about  your  logic  ;  and  it  must  be  re- 
membered that  I  am  not  concerned  about  the  truth  of  your  theorems,  but  only  about 
the  way  of  coming  at  them.'*  The  bishop,  in  full  persuasion  of  the  truth  of  the  old 
aphorism  "ex  nihilo  nihil  JU,**  could  not  admit  that,  when  a  finite  quantity  was 
assumed  to  vanish  or  become  zero,  any  intelligible  finite  result  as  a  consequence, 
could  logically  follow  from  such  a  change  made  in  the  original  hypothesis. 

In  the  fonner  example,  if  ys=x',  then  ^,""^=2a;+A,  is  true  so  long  as  the  incre- 

x—x 

ment  h  is  finite  ;  but  if  tiie  increment  h  be  made,  or  supposed  to  become  absolutely 
zero,  then  sb'— a:=0  and  y'— y«=0,  and  iLZl[=2aj+A  becomes  -=2ic+0. 

And  the  bishop  could  not  admit  that  the  quotient  arising  from  the  division  of 
zero  by  zero  could  ever  be  equal  to  any  definite  number  or  quantity. 

But  if  it  be  admitted  lliat  the  symbol  0  may  denote  a  number  less  than  any 

iixunber  that  can  be  assigned,  the  expression  -  may  mean  that  the  quotient  or  the 

ratio  of  two  sueh  quantities,  each  ol  which  is  less  than  any  assignable  quantity, 
may  be  equal  to  a  finite  qoanti^. 


that  iB  as  f^:*!  >  or  <?y:f?., 

as  <i6+^^>  or  Koh+ax, 
as      &r    >  or  <     or, 
as       i     >  or  <     a. 
If  6  >  0y  then  the  ratio  a+x  :  h+x  is  >  the  ratio  of  a:b. 
l£h<a,  then  ratio  of  a+x:  h+x<  the  ratio  of  a :  &. 
Hence  a  ratio  of  lea  inequality  tis  increased^  and  of  greaUr  inequality 
M  diminished,  by  adding  the  same  quantity  to  both  terms  of  the  ratio.* 
In  a  similar  manner,  it  may  be  shewn  that  a  ratio  of  grtoAtr  in- 
equality is  increased,  and  of  U%%  inequality  is  diminished,  by  sub« 
tracting  the  same  quantity  from  both  its  terms. 

8.  Prop.  Iftheterm8(^aratioa:hbemuUipli6dhf/the$ameqttaiUiiy, 
the  ratio  remains  unaltered. 

The  ratio  of  aihia  represented  by  the  fraction^;  and  ^  =  ^,  for 

0  0    mb 

any  fraction  is  unaltered  by  multiplying  the  numerator  and  denomi- 
nator by  the  same  quantity. 

Hence  the  ratio  of  ma :  na  is  the  same  as  the  ratio  otaih. 

Conversely.  If  the  terms  of  a  ratio  maimhhe  divided  by  the  same 
quantity,  the  ratio  remains  unaltered.    . 

The  fraction  -y=s_   for  any  fraction  is  unaltered  in  value  when 


the  numerator  and  denominator  are  divided  by  the  same  quantity. 
Hence  the  ratio  aihiB  the  same  as  the  ratio  of  ma  :  nth. 

Hence,  the  two  numbers  which  express  the  ratio  or  relative  mag- 
nitude of  two  quantities,  do  not  always  express  the  actual  magnitude 
of  the  quantities  compared,  as  it  appears  that  different  pairs  of  num- 
bers can  denote  the  same  ratio. 

4.  ''Four  numbers  are  proportionals  when  the  first  is  the  same 
multiple  of  the  second,  or  the  same  part  or  parts  of  it,  as  the  third 
is  of  the  fourth."     (Euc.  VII.,  Def.  20.) 

Or.  A  proportion  may  be  defined  to  be  the  equality  of  two  ratios, 
or  when  the  first  of  four  quantities  divided  by  the  second  gives  the 
same  quotient  as  the  third  divided  by  the  fourtti. 

As,  if  0,  b,  e,  d  be  four  quantities  such  that  -r  =  4f  then  a,  i,  c,  d  are 

0    a 

*  It  appean  that  the  sucoenlTe  addition  of  the  same  qnantity  to  both  t^ms  of  a 
ratio,  tends  to  make  it  to  approach  oontinnally  to  a  ratio  of  equality. 

If  the  terma  of  the  ratio  5  to  8  be  saccessively  increased  by  unity,  the  values  of 
the  SQOoessiTe  ratios  are  f,  |,  {,  f,  f,  -V^  &&,  or  If,  1},  1},  1{,  If,  1},  ftc,  and  the 
sncceasive  differences  are  f ,  ^i^j,  'f^,  i4»  A»  ^>  ®>^  of  which  obvionaly  becomes 
less  and  less,  and  therefore  the  successive  values  of  the  ratios  tend  to  equality. 

This  tendency  to  equality  is  illustrated  by  the  fact,  that  the  ages  of  two  persons, 
one  older  than  the  other,  in  successive  years,  continually  tend  to  become  relatively 
equal,  while  the  difference  between  their  ages  remains  constant 
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proportionals;  and  if  a,  h,  e,  d  be  proportionals,  then  -^ -  ^• 

A  proportion  is  sometimes  written  a:  h::  c  :  d,  and  is  expressed 
by  saying  that  a  is  to  &  bb  eisto  d;  the  first  and  fourth  terms  are 
called  the  extremes,  and  the  second  and  third  the  means,  of  the  pro- 
portion. 

If  the  third  term  be  equal  to  the  second,  the  proportion  consists  of 
three  terms,  a,  h,  d,  and  ihe  second  term  h  is  called  a  mean  propor- 
tional between  a  and  d,  the  first  and  the  third. 

If  the  successive  terms  of  four  or  more  quantities,  as  a,  h,  c,  d, 
have  the  same  ratios,  ato5,  as&to^,  as^toc^;  they  are  said  to  be 
in  continued  proportion. 

There  is  a  distinction  between  dirwt  and  iwo^rBe  proportion.  Four 
quantities  a,  &,  e,  d  are  said  to  be  in  direct  proportion  when  the  first 
and  second  terms  are  directly  proportional  to  the  third  and  fourth 

terms,  &s  ~  =.  i;  and  it  is  obvious  from  the  definition  that  if  the  first 
0     d 

of  four  proportionals  has  the  same  ratio  to  the  second,  as  the  third  has 

to  the  fourth ;  then  if  the  first  term  be  grater  than  the  second,  the 

&ird  is  greater  than  the  fourth ;  if  equal,  equal ;  and  if  less,  less. 

Four  quantities  0,  &,  c,  d  are  said  to  be  in  inverse  proportion  when, 

the  first  and  second  terms  are  directly  proportional  to  the  reciprocals  of 

the  third  and  fourth  terms,  9lb  a  :  h  ::  -  :  -^  or  blb  a  :  h  ::  d  :  c. 

e    d 

And  in  this  case,  if  the  first  term  be  greater  than  the  second,  the 

reciprocal  of  the  third  is  greater  than  the  reciprocal  of  the  fourth ;  if 

equal,  equal ;  and  if  less,  less.* 


*  The  distinction  between  a  direct  and  inverse  proportion  has  a  real  existence  in 
the  forces  of  nature,  as  shewn  by  the  following  examples : — 

(1)  If  a  agents  produce  an  effect  e  in  time  t ;  and  a'  agents  produce  the  effect 
e'  in  time  (f ;  find  the  relation  between  the  effects,  times,  and  agents,  the  units  being 
the  same  in  each  case. 

Since  a  agents  produce  effect  e  in  time  t ;  1  agent  produces  effect  -  in  time  t,  and 

a 

1  agent  produces  effect  1  in  an  nnit  of  time. 

<U 

Similarly,  in  the  second  case,  1  agent  produces  effect  -^  in  an  unit  of  time.  But 

as  the  units  of  agent  and  time  are  ec^ual,  .*.  Ji^S.^  and  ea'H'^^at,   dividing 

each  by  aV^,  .*.  ^»-r^  or  e  :  /  : :  a<  :  oT ;   that   is,    the   effects   produced  are 

e    air 

directly  proportional  to  the  product  of  the  numbers  which  denote  the  agents  and 

limes  in  each  case. 

(2)  If  the  times  be  the  same  in    ach  case,  then  f—t  and  ea'f^e'at,  becomes 

ui'm^at  and  4  —^  or  6  :  tf' : :  a  :  a'. 
€      a 


When  four  quantities  are  said  to  be  directly  proportional,  it  is 
to  be  understood  that  the  third  and  fourth  terms  increase  or  diminish 
in  the  same  ratio  as  the  first  and  second  terms  increase  or  diminish. 

But  when  the  first  and  second  terms  increase  or  diminish  in  the 
same  ratio  as  the  third  or  fourth  diminish  or  increase,  the  first  is 
said  to  have  directly  to  the  second  the  same  ratio  as  the  inverse  of 
the  third  has  to  the  inverse  of  the  fourth. 

5.  Prop.  JIffour  quantitiei  le  propariionah,  the  product  of  the  extremes 
is  equal  to  the  product  of  the  means. 

Conversely.  If  the  product  of  two  quantities  he  equal  to  the  product 
of  two  others^  tlie  four  quantities  may  form  a  proportion  of  which  the 
terms  of  either  product  may  he  the  extremes,  and  of  the  other  the  meane. 
(Euc.  Vn.  19.) 

That  Ib,  if  an  effect  e  is  produced  by  a  a^nts,  and  the  effect  0'  is  produced  by 
ci  agents ;  then  the  effects  produced  are  directly  proportional  to  the  number  of 
agents  in  each  case. 

(3)  If  the  number  of  agents  be  the  same  in  each  case,  then  a'^^a^  and 
ea't'^tfat  becomes  €i^=eftt  ore  \^  \it :  d. 

That  is,  the  effects  produced,  where  the  agents  are  the  same  in  both  cases,  are 
directly  proportional  to  the  time& 

(i)  If  the  effects  are  the  same  in  each  case,  then  «'««,  and  ea*tf*^«f(U  becomea. 

ar=o<,  and  4---4-»   or  a  :  a' ::  1  : 1. 

If 

That  is,  when  the  effects  are  the  same,  the  number  of  agents  in  each  case  in- 
directly proportional  to  the  reciprocals  of  the  times,  or  the  agents  are  inversely  as 
the  times. 

An  inverse  proportion  is  illustrated  by  the  condition  for  the  equilibrium  of  a 
lever.  If  two  weights  a,  ft,  at  the  extremities  of  the  arms  e,  d,  o(  a  lever,  balance 
each  other  about  a  fulcrum,  the  weights  are  directly  proportional  to  the  reciprocals- 

of  the  lengths  of  the  arms  :  or  a  :&::-;  -. 

c    a 

The  common  rules  for  the  interest  and  discount  of  money  both  at  simple  and 
compound  interest  may  be  expressed  by  Algebraical  formulae,  the  principal  and 
time  being  considered  the  cause,  and  the  interest  the  effect. 

1.  Find  general  expressions  for  the  interest,  discount,  and  amount  at  a  sum  of 
money  for  any  given  time  at  any  given  rate  at  simple  interest. 

Let  /denote  the  interest  for  n  years  of  the  principal  P ;  r  being  the  interest  of 
one  pound  for  one  year,  and  M  the  amount. 

As  the  interest  is  directly  proportional  to  the  principal  for  any  given  time ;  since 
nr  is  the  interest  of  £1  for  n  years, 

Then  1  :  P  : :  nr  :  /,  .'.  I^Pnr, 

And  I=:Pnr^^^ (lOOr)  X w  ^|ji^j]i  expressed  in  words  gives  the  common  rule 

for  simple  interest. 

The  simple  interest  of  any  sum  of  money  for  any  number  of  years  is  found  by 
multiplying  the  principal  by  the  rate  per  cent,  and  this  product  by  the  number  of 
years,  and  dividing  the  result  by  100. 

And  the  amount  if-P+7-P+-Pnr=P(l  -I  «r> : 

Also,  if  D  denote  the  discount  of  M  pooudo  due  n  years  hence,  if  P  be  the  present 
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Let  a,  hf  c,  d  be  proportionals,  tliena  :  b  :i  e  :  a,  and  .-.  7  »  -. 

0    d 

Multiply  these  equals  by  hd,  /.  _--  ._./oriKf  =  he,  that  is 

0       d 

the  product  of  d,  a  the  extremes  is  equal  to  the  product  of  h,  e  the 

means. 

Conversely.    Let  a,  hy  e,  d  be  four  quantities,  such  that  ad^  he. 

Divide  these  equals  by  W,  .'.  -_^_f  ^  or  ^.f , 

hd    bd        h     d 

and  .'.a  :  h  ::  e  :  dor  the  four  quantities  are  proportionals. 

Since  the  product  of  the  extremes  is  equad  to  the  product  of  the 

means  of  four  proportional  quantities ;  it  is  obviousi  that  the  product 

of  the  means  divided  by  either  of  the  extremes  will  give  the  other 

extreme ;  and  the  product  of  the  extremes  divided  by  either  of  the 

means  will  give  the  other  mean : — thus 

^     ho    -f    he     _^ J  I    ad  ^    ad 
a  =  -_,  rf  =  — ,  and^-— ,<?  =  —; 

da  eh 


worth,  the  disconnt  is  equal  to  the  difference  between  the  given  som  and  its  present 

worth;  or,  D-lf-P-if-—^-J*^  the  discount. 

1+nr    l+»r 

The  ordinary  rule  for  discount  is  deducible  from  this  expression  !>-■         ■. 

\+nr 

Tj,     1+nr     1       1  +  nr    nr  .„j  100+n(100r)    n(lOOr)     _,.,     ^_         ,    . 
For-- — „_,...—-_-«--,  and -^ .'«_L__i.,    which   expressed   m 

Mnr     Jj         U       D  M  D 

words  gives  the  rule  for  discount. 

As  the  amount  of  £100  at  the  given  rate  for  the  given  time  is  to  the  given  sum, 
so  is  the  interest  of  £100  for  the  given  time  to  the  discount  required. 

In  practice,  however,  it  is  better  first  to  find  the  present  worth  and  deduct  it 
from  the  given  sum,  and  the  remainder  is  the  discount. 

%r    -Di-i  y      \    .  1     l+«r    .  100+n(100r)     100  «v.  1.    .  _ .,        1 

If — P(l +«r), .  •.  -« — --— , . '. -^ ^— »- »  ^hich  gives  the  rule. 

As  the  amount  of  £100  for  the  given  time  at  the  given  rate  is  to  the  given  sum, 
so  is  £100  to  the  present  worth. 

In  calculating  by  compound  interest,  the  amount  at  the  end  of  the  first  year 
becomes  the  principal  for  the  second  year,  the  amount  at  the  end  of  the  second  year 
the  principal  for  the  third  year,  and  so  on  for  successive  years. 

If  P  denote  the  original  principal,  r  the  interest  of  one  pound  for  one  year,  and 
Pit  -^t*  Pa  •  •  •  -^a  ^0  amounts  at  the  end  of  the  first,  second,  third,  .  .  .  nth 
year  respectively. 

Then  1  :  P  ; :  r  :  P^  the  interest  of  P  for  the  first  year,  and  Pj  —P+Pr— P(l  +r), 
is  the  principal  for  the  second  year.  Next  1  :  P^  : :  r  :  l^^r  the  interest  of  Pj  for  the 
second  year,  and  P,-Pi+Pir-Pi(l+r)-iXl+r)«  is  the  principal  for  the  thiid 
3'ear.  Similarly  P,  -P(l  +r)«,  and  generally,  P,-P(l  +rK  the  amount  of  P  in  n 
years,  and  /=rP»-P-P{(l+r)»- 1}  the  interest  for  n  years. 

A1m>,  if  2>  denote  the  discount  of  P«  for  n  years, 

Since  P,=P(1 +r)»,  .-.  P«-— i—  the  present  worth  of  P« 

(l+r)»        *^ 

.%  B^Vn-^^^^-     ^',  ^»{ff  +  ^)""l}    ^^  discount  of  P.  for  n  years  at 

(l+r)»       .    (l+r)» 

compound  interest 
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this  property  is  univerBallj  true,  whether  the  proportion  be  direct  or 
inyerse. 

When  a:  h  ::  e  :  d,  these  are  proportionals  when  taken  inversely 

ash  :  a::  d:  Cy  and-  =  -. 

a    c 

Also  when  the  four  quantities  are  of  the  same  kind,  or  abstract 

numbers,  they  are  proportionals  when  taken  alternately,  as 

a  :  c  ::*:<?,  and  -=  *      (Euc.  YII.  13.) 

c    d 

6.  Prop.  When  four  qaantitm  a/re  proportumaU,  {\)tKe  ium  of  the  first 
and  second  is  to  the  second,  as  the  sum  of  the  third  and  fourth  is  to  the 
fourth.  (2)  I%e  difference  of  the  first  and  second,  is  to  the  second,  as  the 
difference  of  the  third  and  fourth  is  to  the  fourth.  (3)  The  sum  of  the 
first  and  second  is  to  their  difference,  as  the  sum  of  the  third  and  fourth 
is  to  their  difference.    (Euc.  V.  17,  18.) 

(1)  Since  a:  b  ::  e  :  d, 

.*.  Y  =  J  y  ftdd  1  to  these  equals ; 
0    d 

theii*+l-£+lor£+*  =  ^4^, 
0  d  0         d 

and  a'\-h  il  ii  C'\'d :  d, 

or  the  sum  of  the  first  and  second  is  to  the  second,  &c« 

(2)  Since  aihiioid 

•*.•==-,  subtract  1  from  these  equals ; 
0    d 

then  ?-l  =i-l,  or?i:*~  tl^. 
h  d      '        b    -    d 

and  a — b  :  b  ::  o — d  :  d, 

or  the  difference  of  the  first  and  second  is  to  the  second,  &c. 

(3)  Since  fl*,^,  and^-fll^. 

Divide  the  former  of  these  equals  by  the  latter ; 
,  a+b    fl— 6     c+d        c^d         a+b    c+d 

and  a+b  :  a— J  : :  e+d  :  c— rf 
or  the  sum  of  the  first  and  second  is  to  their  difference,  as  the  sum 
of  the  third  and  fourth  is  to  their  difference. 

7.  Prop.  Jffour  qtutntities  of  the  same  kind  be  proportionals,  the  fird 
quantity  being  the  greatest,  the  sum  of  the  extremes  is  greater  than  the  sum 
of  the  means,     (Euc.  Y.  25.) 

Let  a,  b,  c,  d  be  proportionals,  then  ad^be,  and  J?a^. 

c     d 

Subtract  1  from  these  equals, 

.£ 2 1  —  ^—1  QT^ — ^    h—d 

"  e  d  c    ^    d    ^ 
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and  ?ZL^»lbutf  =  f, 

but  a  being  the  greatest  of  the  four  quantities,  is  greater  then  5, 

,•.  also  a^c  >  I — dj 
and  adding  o-^-d  to  these  unequals, 

or  the  sum  of  the  extremes  is  greater  then  the  sum  of  the  means. 

8.  Prop.  Ifa^  h,  e,  d  he  proporHonalif,  latere  it  no  number  which  can  he 
added  to  each  term,  so  that  the  four  terme  eo  increased  $haU  be  fropartionaU. 

Since  a,  b,  e,  d  are  proportionalsi 

.%  ad -be. 
Let  any  number  x  be  added  to  each  term. 
And  if  possible,  let  (a+a?)(6+4;)  =  (3+4?)(<?+a?), 
or  flrf+(a+(i)iF+«'  =  ftc+(^+tf);r+a;', 
whence  (a+<Q^  =  (^+^)^i 
and  a+<^"&+^> 
that  is,  the  sum  of  the  first  and  fourth  terms  of  a  proportion  is  equal 
to  that  of  the  second  and  third. 

But  it  has  been  shewn  that  a+<2  is  greater  than  6+^* 
Hence  it  follows,  that  there  is  no  number  which  can  be  added  to 
the  terms  of  a  proportion,  so  that  the  terms  so  increased  shall  be 
proportional. 

9.  Prop.  If  a  and  h  are  prime  to  each  others  they  are  the  least  quantities 

in  the  'proportion  ^  =  -. 

b    d 

J'or  if  not,  let  ^a:^»  in  which  0  and  d  are  less  than  a  and  ft. 

0    d 

ad 

Then  «  =  ^,  and  therefore  ad  is  divisible  by  },  but  a  is  prime  to  b, 
b 

..'.dis  divisible  by  b,  which  is  impossible,  since  d  is  less  than  b ;  there- 
fore f  cannot  be  equal  to  ^;  whence  0  and  d  are  respectively  less  than  a 
b  d 

and  b ;  that  is,  a  and  b  are  the  least  in  every  proportion  in  which  they 
•appear  as  antecedent  and  consequent. 

10.  Prop.  If  any  number  of  quantities  are  proportionais,  as  any  ante- 
cedent  is  to  its  consequent,  so  is  the  sum  of  all  the  antecedents  to  all  the  con- 
sequents.    (Euc.  YII.  12.) 

Suppose  these  quantities  a,  b,  e,  d,  e,  fio  be  proportionals  so  that 
a  :  b  ::  e  :  d  ::  e  :f 

Then  since  a  :  b  : :  c  :  d,  ,\  ad^be, 
and  a  :  b  :  e  iff  ,'.  af=  be, 

and  db  =  ba. 
By  addition,  ab + ad+ af=ba+bc+ be, 
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or  a{b+d+/):^h{a+c+e), 

"h'-b+d+f 

and  a:  h  ::  a+e+$  :  b+d-^f. 
The  same  is  true  for  four,  five,  or  any  number  of  proportbns. 
11.  Prop.  J^^tkejlrti  of  six  magniiudM  Km  the  tame  ratio  to  the  eeeond 
4U  th$  third  to  thefmrth,  and  the  third  to  the  fourth  the  eame  ratio  ae  the  fifth 
to  the  sixth;  then  the  first  ehallhaveto  theeeeond  the  eame  ratioae  the  fifth 
hae  to  the  sixth.    (Euc.  Y.  22.) 

Let  a,  bj  efd,e,f'bem  quantitiesi 

such  that  a:  h:i  e  :  df  and  e:  d::  eif 

since  a:  b  ::  o  i  d,  r.^-^. 

b    a 

.'.  T  =  -.  y  and  a  :  b  ::  e:f 
^    f 
Or,  If  the  first,  &c. 

12.  Prop.  If  the  first  of  six  quantities  has  the  same  ratio  to  the  second 
cs  the  third  to  the  fourth^  and  the  second  to  the  fifth  the  same  ratio  as  the  fourth 
to  the  sixth  :  then  shaU  the  first  have  the  same  ratio  to  the  fifth  as  the  third 
has  to  the  sixth* 

For  since  «:  5  ::  ^  :(?,.•.?  =  ? 

b    d' 

and  i  :«::  rf  :/,.•.-  ^  -  , 

«    / 
abed        a    c 

b     e    d    f        e    J 

and  a:  eii  e\f 

CT  the  first  is  to  the  fifth  as  the  third  is  to  the  sixth. 

13.  Prop.  If  four  quantities  be  proportioncUs,  then  anjf  equimultiples  or 
^quisubmuUiples  of  the  first  and  second^  shall  also  be  proportionals  to  any 
^ther  equimultiples  or  equisuhmuUipUs  of  the  third  and  fourth. 

If  a  \b\i  ci  dj  then?  =  ^, 

b    d 

and?-!!?,  also  f-?f, 
o    mo  a    na 

tn  and  n  being  either  integral  or  fractional ; 

then!??,??, 
mb    nd 

and  ma:  mh  i:  no:  na. 

Or,  The  equimultiples  or  equisubmultiples  of  the  first  and  second,  ftc. 

14.  Prop.  If  four  quantUies  be  proportionals,  and  if  equimultiples  or 
equisubmultiples  of  the  first  and  third  be  taken^  and  any  other  equimult^les  or 
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«      € 


MdhifAjihem  tffiAlM  ly?,  waadmlietiigniiegMlorfncdiMl; 


and  JM#  :  s^  : :  Mr :  WL 

Or,  If  eqiiiiiuihi[ile0  or  eqaisabiBiiltipla%  ix. 
It  10  abo  inftr-;fpffr  fiom  Aii.  6 

thai  wia+nh  :  (  : :  m^+w?  :  i, 
ma+Hi  I  hit  mc--nd  :  d, 
ma+mk  :  m^-'nb  I  z  wui-nd: 
15,  Piop.  If  famr  quamtUia  U  frapwrtwnaU,  ikt  sime  pwrers  ^nd  ti^ 
mme  rotfU  ofiheu  fuantilie$  ar^  dto  frvprnrUmaU, 
fSaet  tf y  if  Cf  d  axe  |>rapartionalW| 

tlieii?-f. 


and  ^  -.  ^,  by  tauinR  ttese  equals  to  the  aith  poTrer, 


m        m 

Abo  ^- V'  bj  taking  the  mth  toot  of  the  eqoala, 


J      1        J      J 
a   :  b   ::  e   :  a. 


That  i»f  eqiial  powers  and  equal  roots  of  proportionals,  are  also 


<jr— ^  :  ^  : :  c"— -<!•  :  cf", 
The  following  may  also  be  shewn  to  be  true  :— 

A       »        I         I.        »        1 
A        A        1  A        .«         « 

A        A        1        1  A        1        A        A 

16.  Prop.  Ji^  ^A<>rtf  i*  <<^tf  or  <Miy  nwwJtfr  o/  w/*  of  proportiimaU,  the 
products  of  their  corresponding  terms  are  proportionals. 

For  letaihiic:  d,  .*•  ^.^^ 

0    d 

e   I  J    I  I   ff  I   /if    t*m   -  s  -    ) 
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Lit*         •  ,Affl* 

/     n 

and  aeh:  bfl::  egm  :  (i^i. 
And  BO,  for  any  number  of  proportionals. 

17.  Prop.  If  the  eorreapondinif  terms  of  two  seti  of  proportiwMk  U 
divided,  the  quotients  will  form  a  proportion. 

For  iia  :  b  ::  e  :  d,  ,^~f 

0    d 

and«:/::  g  :  h,  -=^. 
a      e 

Then?^*-f^?,  ori.=  ^ 
b'fd'h'       b      d^ 

1     h 
and?.i..  f.-f. 

18.  Prop.  If  three  quantities  a,  b,  e  be  in  continued  proportion,  {h$  first 
is  to  the  third  as  the  square  of  the  first  is  to  the  square  of  the  second, 
(Euc.  Vni.  11,  26.) 

Since  a,  b,  e  are  proportionals 

0     e  CO 

«    5    J    J  „,  «    J« 

that  is  a  :  0  : :  a' :  ^^ 

19.  Prop.  If  four  quantities  a,  b,  e,  d  be  in  continued  proportion,  the 
first  is  to  the  fourth  as  the  cube  of  the  first  is  to  the  cube  of  the  second.* 
<Euc.  Vni.  13,  27.) 

*  From  the  following  illnstration,  it  ivill  be  seen  that  the  duplicate  and  triplicate 
ratios  in  Geometry  correspond  to  the  ratios  of  the  squares  and  cubes  in  Algebra  : — 

1.  Similar  triangles  are  to  one  another  in  the  duplicate  ratio  of  their  homologous 
sides.    (Euc.  YI.  19.) 

Let  a,b,c;  a\  h\  tf  represent  the  sides  of  two  similar  triangles  ; 

Then,  because  the  triangles  an  similar^  their  homologous  sides  are  proportiona], 

ihatis®     --i- 

And  if  p,  p'  be  the  perpendiculars  from  the  vertices  on  the  sides  a,  of,  then 
p     a     b     c 

Also  if  A,  A*  denote  the  areas  of  the  triangles,  A  ^iap,  and  A'm^ia'pt^ 
(Euc.  I.  41.) 
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«    i    « 


«■*  lX-X-.=  iXlXi. 


20*  Ffop«  j^jT  «  tfiMi  i  le  mtammeHSurMe  fttmUitiag  tmd  dm  e  md  d;. 

and  if  whmtUe^UUoeen^midV^^,  -^  id^  K4f$  hettceen^  imd  ?!±1,- 

b  n  n       d  n  n 

howtver  mnUk  Uu  wi4gmhde$  m  and  n  he  incnasedf  then  -x  =  -i. 

o    d 

Sappoie  tf  to  be  ft  mea^nre  of  h,  and  let  h  =  nz;  also  let «  be  greater 

than  mz  but  leee  than  Cm+l\n;  then  ^  is  greater  than  —  but  leea  than 

b  n 

—'''1,  or  the  difliarence  between— and  ^  is  lees  than -;   and  as  a  is 
n  »        b  n 

diminished,  since  na»b,niB  increased,  and  -  diminished.    Therefore 

by  diminishing  a,  the  difference  between  -.  and  -^  may  be  made  less 

n         b 

than  any  number  that  can  be  assigned. 


,  A     a  p    a  a     a*     5*     «• 

or  ^  :  ^' : :  a«  J  a'«  : :  6«  :  ft'*  : :  c«  :  </•. 

2.  Simikr  M)lid  psralleloinpeds  are  to  one  another  in  the  triplicate  ratio  of  tbeir 
homologoua  sidea.    (£ae.  XI.  88.) 

Let  a,  b,  e;  of,  i/,^  be  the  corresponding  edges  (or  homologona  aides)  of  two 
similar  rectangular  panllelopipeds,  and  V,  V*  their  Tolumcs  respectiyelj. 

Then  since  the  parallelopipeds  are  similar 

?_*?.,  and  Vmabc,  F'-aW, 
a    h'    c 

,   y     abe     a  &  c    a  a  a     «•     &•     c* 

or  r :  r  : :  a*  :  «'•  : :  6»  :  ft'*  : :  c»  :  </». 

The  weights  of  similar  volumes  of  substances  of  the  same  density  are  also 
proportional  to  the  cubes  of  the  homologous  sides  of  the  volumes. 

As  an  example  may  be  taken  the  two  similar  rectangular  parallelopipeds. 

Let  IK,  W  denote  respectively  the  weights  of  the  volumes  V,  V\  and  let  • 
denote  the  weight  of  one  cubic  unit  of  the  substance^ 

Then  W^-sKand  fV^tV, 

Therefore -p,.^.^,.---,^. 
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If  e  and  d  as  well  as  a  and  h  be  incommensurable,  and  if  when 

~  lies  between  ^  and  ^ilL. ,  f  Ues  also  between  —  and^*"*"   y  however 
h  n  n       d  n  n 

the  numbers  m  and  n  may  be  increased ;  then  ^  =  ^  • 

ToTf  if  they  are  not  equal,  they  must  have  some  assignable  differ- 
ence; and  because  each  of  them  lies  between  —  and  !^X- ,  this  differ- 

n  n 

*ence  is  less  than  - ;  but  since  n  may,  by  the  supposition,  be  increased 

ft 

without  limit,  -  may  be  diminished  without  limit ;  that  is  -  may  be- 

n  n 

joome  less  than  any  number  that  can  be  assigned,  and  therefore  the 

difference  between  -  and  ■-  is  less  than  can  be  assigned ;  that  is  -  =  ^ . 

0         d  0     d 

And  all  the  preceding  propositions  respecting  proportionals  are 
true  of  four  quantities  which  are  not  commensurable. 

The  criterion  of  the  proportionality  of  four  magnitudes  expressed 
in  Euc.  y.,  def .  5,  is  in  exact  accordance  with  the  criterion  of  ^e  pro- 
portion of  four  numbers,  as  expressed  in  Euc.  YII.,  def.  20. 

In  other  words — 

2 1 .  Prop.  The  ge^mutrical  criUrum  of  the  proportwnality  offimr  magni- 
iudei  may  he  sheum  to  follow  from  the  criterion  of  the  proportionality  of  four 
numhera;  and  conversely. 

If  a,  h,  e,  d  be  four  magnitudes  expressed  by  numbers,  of  which 
the  first  is  the  same  multiple  part  or  parts  of  the  second,  as  the  third  is 

of  the  fourth,  then  ^  =  •=,  and  if  m,  n  be  any  integral  numbers,  then 

o    d 

^  ^  ^y  in  which  ma,  me  are  any  equimultiples  whatever  of  a  and  c 
no     nd 

the  first  and  third  magnitudes,  and  n&,  nd,  9Xlj  equimultiples  whatever 

of  6  and  d  the  second  and  fourth. 

If  ma  be  greater  than  nb,  then  mc  is  greater  than  nd\  or  H  ma  he 
equal  to  riJb^  then  mc  is  equal  to  tk^  ;  or  if  mo  be  less  than  nh,  then  me  is 
less  than  nd. 

And  a,  h,  c,  d  are  assumed  to  be  proportionals  by  Euc.  YII.,  def.  20. 

Hence  it  follows  that  0,  5,  c,  d  are  proportionals  by  Euc.  Y.,  def.  bp  ' 
namely : — 

The  first  of  four  magnitudes  is  said  to  have  the  same  ratio  to  the 
eecond,  which  the  third  has  to  the  fourth,  when  any  equimultipleB 
whatsoever  of  the  first  and  third  being  taken,  and  any  equimultiples 
whatsoever  of  the  second  and  fourth ;  if  the  multiple  of  the  first  be 
less  than  that  of  the  second,  the  multiple  of  the  third  is  also  less  than 
that  of  the  fourth  ,*  or,  if  the  multiple  of  the  first  be  equal  to  that  of 

§6 
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the  seocmd,  the  mnltiple  of  the  third  is  alao  eq^iud  to  that  of  tha 
fomHi ;  or,  if  the  multiple  of  the  first  be  greater  thaa  tiiat  of  the 
weofmdt  the  multiple  of  the  third  is  also  greater  than  that  of  the 
fSimrth. 

Gemrenely.  If  finir  magnitodes  be  proportional  aooording  to 
Eiic.  Y.,  del  S,  their  nomerical  ndnes  shall  also  be  proportional 
aooording  to  Enc.  VLL,  def.  20. 

Lot  a,  b,  c,  d  he  four  magnitudes  which  are  'proportional  by 
Etio.  v.,  def  5,  where  any  eqidmnltiples  whatever  ami  and  m^  of  «,  r 
the  first  and  third  magnitudes  being  taken,  and  any  equimultiples 
whatever  nh  and  ndoib^d  the  second  and  fourth,  sndi  that  if  «s  be 
greater  than,  equal  to,  or  less  than  nb,  then  me  is  greater  than,  equal 
to,  or  less  than  nd;  then  also  a,  b,  r,  d  shall  be  proportional  aooording 
to  Euc.  yn.,  d^  20 ; 

that  is  a  :  b  : :  c  :  d,  ot  -  =-. 

b    d 

Eor  if  not,  if  possible,  let  a,  by  e,  ^he  proportionals^ 

., T  J,       a     e         jg  ma    mc 

then  a  :  9  ::  «  :  <f  or  -==-»»  and  -^  =  -- , 

b    dP  nb    fuT 

and  if  SM  be  greater  than,  equal  to,  or  less  than  n6,  then  me  is  also 

greater  than,  equal  to,  or  less  than  of ;  but  these  oonditions  are  assumed 

of  mtf, nb, me^nd;  .\nd!  =  nd and^  =  d;  therefore ^  =  3 and  m,b,  c,d are 

b    d 

proportionals  aooording  to  Eno.  VJJL,  def  20. 

22.  Intheprqportiona?;3;:y:d,or  ^^y,  i£  b,  d  remain  constant 

X       h  h 

while  X  and  y  change  their  values  so  that  always  >  =-,  or  x  =  -.y, 

y    d>  d 

then  X  is  said  to  vary  directly  as  y,  and  thus  a  proportion  may  be 

expressed  by  two  terms.    The  mark  oc  is  used  for  the  words  '^yaiies 

as,"  and  the  proportion  is  written  x  cc  y,  and  is  read  ''d?  varies  as  y.'^ 

In  the  proportion  ^  :  &  :  -  :  -,  or  -r  =  -,  if  &  and  d  remain  constant 

yd        by 

while  X  and  y  change  their  values,  then  x--^  and  x  is  said  to  vaiy  ai^ 

y 

y  invereely. 

In  the  proportion  %  i  b  11  xy  i  d^  ot  %=^  7^'  ^  which  b  and  d  are 

constant  while  x^  y,  %  change  their  values,  then  in  s  =  .  ..sy,  %  is  said 

d 

to  vary  jointly  as  x  andy,  or  as  the  product  of:?  and  y. 

It  is  obvious  from  the  equations  «=-.y,«=M.-,  and  s  =  -^^^ 

d  y  d 

that  variable  quantities  can  always  be  connected  by  some  constant 
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multiplier,  either  integral  or  fractional;  and  that  eyeiy  variation  is^ 
oonvertible  into  an  equation,  and  conversely.* 

23.  Prop.  If  X  vary  as  y,  and  y  vary  m  s,  th&n  x  varies  as  z. 

Since  ;rx  yandy  oc  s,let  a;  =f9y  and  y  =  ^y  where/?  and  g' are  some 
constants. 
Then  x=pqXf  and  .-.  x  cc  %. 

24.  Prop.  If  V  vary  as  x  and  y  vary  as  %,  then  vy  varies  cu  x%. 
Since  v  <£  x  and  y  «  s,  let  v-px  and  y=q%y  where  p  and  q  are- 

constant. 

Then«y=^^«s,  .'.fyoc^. 

25.  Prop.  If  X  vary  as  y  €md  %  vary  as  y,  then  both  the  sum  and  the 
difference  of  x  a7id  z,  varies  as  y,  and  the  product  of  x  and  s  varies  as  y\ 
the  square  of  y. 

For  since  x  <x  y,  .-.  x=pyj  and  t^qy^  where  p  and  q  are  some 
constant  quantities. 

Then  x±.z  =py±qy  -  (p±q)yf  and  .*.  x±%  «  y. 
Also  xz  -pqy^f  and  .*.  xz  cc  y*. 

26.  Prop.  J^z  vary  as  x  when  y  is  constant,  and  z  vary  as  y  when  x  is- 
constant ;  then  z  varies  as  xy  when  all  three  are  variable. 

Let  ^,  ad  be  correspondent  valnes  of  z  and  x  when  y  is  constant, 

then  z\i£  w  x\s!,  and  i  -—, 

X 

But  this  value  sf  of  s,  will  like  z  vary  as  y. 

Let  s",  y"  be  correspondent  values  of  ss'  and  y  when  x  is  constant, 

then  J^  :  s"  : :  y  :  y',  and  «'  =  ?i^ . 

y 

Hence  — .  =^i ands  =  —  .xy,  but  -^-r  is  constant  .*.  2  oc  «y,  or  s. 

X      ^  afy  zry 

varies  as  the  product  of  x  and  y  when  all  three  are  variable. 

8  Z 

It  may  also  be  shewn  that «  «  -  and  y  oc  ... 

y  X 


*  These  three  definitions  of  variation  may  be  illustrated  by  considering  that  the 
area  of  a  triangle  is  eqnal  to  half  the  product  of  the  base  and  tiie  perpendicular  from 
the  vertex  on  the  base. 

If  A,  b,  p  denote  the  area,  base,  and  perpendicular,  then  A  '^Htp. 

<1)  If  6  be  constant,  then  A  varies  directiy  as  p,  and  if  p  be  constant^  A  varies- 
diiectiy  as  b. 

(2)  If  ^  be  constant,  then p  varies  inversely  as  b,  and  b  varies  inversely  tap, 

(3)  If  all  three  A,  b,  p  vary,  then  A  varies  as  bp,  or  the  area  vnies  as  b  vaip* 
jointiy. 


EXERCIBES. 

I. 

1.  EzFLAm  why  in  Algebra  a  ratio  is  treated  as  a  fraction,  when 
it  is  not  80  treated  in  Geometry  ? 

2.  Define  the  ratio  of  a  to  5;  what  it  is;  what  it  equals;  and 
what  is  measured  by  it. 

3.  Determine  the  ratio  of  x  to  yfrom  the  equation  2x+5y»4z+Sy. 

4.  Two  quantities  are  in  the  ratio  of  m  :  n;  what  quantity  must 
be  added  to  each  that  they  may  be  in  the  ratio  oip  :  q? 

5.  What  is  the  number,  which,  if  added  to  each  term  of  the  ratio 
5  :  3,  makes  it  three  fourths  of  what  it  would  have  become,  if  the  same 
number  had  been  subtracted  from  each  term  ? 

6.  If -4?^  =  ii^;  find  the  ratio  of  a  to  J. 

12(a— 1)     4^+3' 

7.  If  ^  =  4^lL,  and  6(a+5)«18^-8(j;  find  the  ratios  of  a  to 

a+b     2i— 3<?  ^ 

h,  and  of  bio  e. 

8.  Proye  that  <  ^  i      is  increased  by  adding  the  same  quantity 

to  a  and  b ;  a  being  less  than  b. 

9.  If  the  ratio  a:  bhe  unchanged  when  e  is  added  to  the  antecedent 
and  2e  to  the  consequent ;  then  tho  value  of  the  ratio  is  ^. 

10.  If  5^Z^  =  a,  find  the  ratio  of  ^  to  y. 
mx^ny 

11.  If  »  be  very  small  compared  with  a,  shew  that  the  ratio  of 
{a-^-xf  :  0*,  is  very  nearly  that  of  a+3a?  :  a,  and  the  ratio  of 
(a+a?)* :  fl*  is  yery  nearly  that  of  a+^a? :  «. 

Ex.  Find  the  approximate  ratio  of  (403)' .:  (402)* ;  and  of 
(403)*  :  (402)*. 

12.  Jlx:  b  i:y  X  %,  find  the  numerical  ratio  of  ^+^  to  y+8. 

13.  If  7s^,  then  ^^X.  has  always  the  same  yalue,  whatever  may 

o    a  cx+d 

be  the  yalue  of  x. 

14.  If  ?  and  i  be  two  unequal  ratios,  then  the  ratio  ^-^  is  greater 

0         a  0'\'a 

than  one  of  them  and  less  then  the  other. 

15.  A  number  of  two  figures  is  altered  in  the  ratio  of  n  to  m,  if  its 
digits  be  interchanged ;  shew  that  the  digits  are  to  each  other  in  the 
ratio  of  lOm^n  to  lOn-^m. 

16.  If£+??^?^  Ji_j  find  the  ratios  f  and  ?. 

2y       X    2x^y  y  % 

17.  Explain  what  are  the  necessary  or  sufficient  tests  of  the  ultimate 
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ratio  of  two  quantities  which  by   continuous   diminution  become 
indefinitely  small  ultimately. 

18.  Shew  that  the  ratio  ^^  "^f  1^''^*J"  ^^*  is  equal  to  l  +  6«+3a^-8«» 
nearly,  when  x  is  small ;  and  equal  to  9«^3  nearly,  when  x  is  large. 

n. 

1.  Find  a  third  proportional  to  999  and  33*3 

2.  Find  a  mean  proportional  between  -016  and  2*704. 

3.  Find  a  fourth  proportional  to  *0004,  1*4  and  02. 

4.  Ti3^'\ry^ :  ^  : :  34  :  15,  then  a? :  y  : :  5  :  3  :  and  conversely. 

5.  Find  the  value  of  the  common  ratio  when  a,  &,  0,  d  are  in  con« 
tinned  proportion,  and  2(a+<Q  =  3(^+0). 

6.  If  ?  =  -,  and  -zX]  then  -s-;  under  what  restriction  is  this 

0    y  0    %  c    % 

proportion  true  if  it  involve  concrete  quantities  ? 

7.  Find  the  proportion  deducible  ^m  the  equation,  a'+^*  =  2a^. 

8.  If  a,  h,  c,  d  are  proportionals ;  if  a  be  prime  to  h,  then  e  and  d 
are  equimultiples  of  a  and  h. 

9.  Can  any  number  be  added  to  e&ch  of  four  numbers  in  arith- 
metical progression,  so  that  the  sums  are  in  geometrical  proportion  ? 

10.  If  a,  hf  e,  d  be  proportionals,  there  is  no  number  which  can  be 
added  to,  or  subtracted  from  each,  so  that  the  four  terms  so  increased 
or  diminished  shall  be  proportionals. 

11.  If  a,  3,  <?,  i,  are  proportionals,  deduce  (a+i)(<;+(Q  from  each  of 
the  following  expressions : — 

(1)  (a-'if  =  {h-ey  +  (tf-a)H  {d^hf. 

(2)  (fl+J)«+(d+c)«+(«-6-c+rf)»  =  2{tf+(/)«. 

(3)  {a^h^e^df  =  (a-6)«+(c-i)«+2(5-^)«. 

12.  When  are  two  quantities  said  to  be  commensurable  or  incom- 
mensurable? Find  the  approximate  ratio*of  the  diagonal  to  the  side 
of  a  square,  so  that  the  error  may  be  within  one  thousandth  part  of 
unity. 

13.  Shew  that  the  geometrical  definition  of  proportion  (Euc.  Y., 
def.  5)  is  a  consequence  of  the  arithmetical  definition  (Euc.  VII., 
def.  20),  and  the  converse. 

ni. 

Given  a\l  i:  e  :  d^  prove  the  following  proportions : — 

1.  aih  i:  a±e  :  h±:d;  and  conversely. 

2.  ac  :  id  : :  (^  :  d*. 

3.  a*:c^::  a«+i' :  ^+^. 

4.  ah:  ed::  {a±hy  :  {e±dy  : :  a*— 5» :  e^^dK 
6.  ••+J« :  c^+d' : :  (a-i)« :  {e-^dj^ 
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7.  (tf»+<^* :  (J»+rf»)*  : :  {i^+cj  :  (*»+!?»)». 

8.  («*-^)»  :  («»-rf*)»  : :  («»-*»)•  :  (e'-iiV. 

IV. 

If  0,  ^,  r,  J  be  proportionalB ;  shew  the  trath  of  the  folic  win|r 
jnroperties  : — 

1 .  a(^a+  h+c+d)  =  (a+ h)(a+e). 

6.  {a+d)  -  (i+tf) = (fTL^Xfrf),  a  being  the  greatest. 

-.  (.+»)-(,+j).Sf±iXt:*. 

12    ^'-^    ^^'-g*    ^^1 

18.   ^^+^+^+^^^(^^)t, 

V. 

If  ?  .s  y    ?,  proTe  the  following  properties : — 
a    b    c 

1.  ^+y_^+«   y+» 

2.  ^+^y+P*  =  ',in,n,p,  being  any  numbers  whatever. 
ma+nb+pe    a 

a'+d'+o"**  (a+i+c)*"  fl*+fltf+i<?  ""«*' 
4.     (^4-^4,'!'  f  ^■j-^j.^l  ^(m-fn+l)(mn+m+»), 

jf^  =  — ,   -=— . 
0      a      c      a 


21 

«.  (<w«+iy»+««)(«»«+ J«y+A)  =  (a»+i»+ «»)(«» +y«+«^. 

7.  27(*+«)(y+iX*+<')  =  ^{^+y±^+?±£}. 

^    mxy+nyz-    mab-^nbc 
xz  ac 

9.   /  ^  j?  =  /  ^+yg+^  1\ 

11.  (a^)»+(iy)»+(a)»  =  {(a+*+0(^+y+2)}». 

12  f^+y*+g*)*      /^+a«-hyg\*    a? 

13  ^+y*+g'— 3a?y8  jc* 

VI.  V 

_  »» 

If^=-  =  -=-  =  -;  prove  the  following  eqiuYalente  :— 

1.  {h'\-ey^{a+h){e+d). 

2.  «*+6*+<J«  =  (a+*+e?)(«-a+(j). 

3.  tf(a+2<?+«)  =  (J+(f)«. 

7.  a«+^+<j»  =  a«iV(fl-5+i-«+(r«)- 
9        ^       ,      1  1 


10       f  Hj+g+(f  )»     gX^J^^^J^d? 


vn. 

1.  If  a,  ft,  0  are  proportionalBJ  then  ^"^  ,  ft,  ft^  are  proportionals. 

2.  If  ^'    ^^  then  shaU  f+5«f=?. 

ft+a    a— tf  <?+<;    a— ft 

4.  If  a,  ft,  (7,  <?  be  a  geometrical  proportion,  then  shall 

iCrj?'  ^5Z:?'  ?-=:^  "^^  74T»'  ^'  ^  be  in  geometrical  pro. 
jportion. 
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5.  If  e{a'h  -  ah' )» + h{a'  h  -  aJ'  ){ac'  -  a'(?) +«(«<?'— aV)»  =  0 ;  shew  that 
ad^a'olBVL  mean  proportional  between  ah^obb'  and  h'C'^hd, 

6.  If  i±£±?[^^±£±f,then?!^=^l 

7.  If     <^-^o  "^r^  A  then  ehaU  a^h^c^d,  and  each 

a— d-c+a     a-b+c^a 

ratio  is  J(a+3+c+c?). 

8.  If  Oiy  a^,  a^, a.  be  in  continued  proportion^ 

then  ^1  :  a, : :  dj' :  a,'  and  ai  :  a^: :  a^  :  a\ ; 

and  generally  ai :  a»  : :  aj*"*  :  a,""'. 

9.  If  X  and  y  be  real  quantities ;  what  inference  can  be  deduced 

from  the  proportion  i::^  =  i±^  1 

x—y      x+y 

10.  lix  I  y  ::  a^  il^  and  a  :  5  : :  (a+a?)* :  (o— y)* ;  shew  that 

2z  :  a  ::  x-^y  :  y. 

1111 

11.  If-i r-~r r,  then-^  =  — ^ — 

12.  n«+(«'+y)*^a-(a;-^)|    then  ^  =  ^.  and  conversely. 

13.  n  (l-ar)»+(l-«')*  =  y-*+y-»,  and  ( l+a?)* -(!-«»)» =  y»-y-» • 
then  shall  l—x,  1  - 2y,  and  1  +«  be  in  geometrical  progression. 

vm. 

1.  If  (tx+hy+cn^O  and  ax+h'x+d^y^O,  determine  the  ratios  of 
dp  to  y,  ^  to  8;  and  y  to  «. 

2.  If  Av'+V+^'  =  ^  ^^^  a'^+i'y+c'2»0;    find  the    ratios  of 
^  to  y,  y  to  s,  and  xix>%. 

8.  If  a+c  have  to  h+e  the  duplicate  ratio  of  a  to  ^;  then  shall 

a-J,ori+J+l_0. 

4.  n^ry=yr?=!i:?,  then8haU«+i+c=0. 
o  0  « 

6.  If  f±y=y  =  ^  ;  tlienshaU?=y  =  ?. 
z        «     y—z  2'    4     3 

6.  If  fy=*f  =  ^'? = ^=^ ;  then  8haU  ? = y    1 

7.  If  ?£±*?  =  ?!=^  =  *y±^,  then  aa!+Jy+«  =  0  and  «x-iy- a. 

nt  6y  007 

8.  If  a(y— 8)-hJ(2— a?)+r(«— y)»0,  then  the  successive  differences- 
of  a,  bf  c  are  proportional  to  the  successive  differences  of  x,  y,  t. 

9.  l{^+^    az+cx    bx-k-ay^ 

b — c  "  c^a  ~"   a — b 
then  (a+i+c)(a?+y+«)  =  ax+by+cs. 
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10.  If  £±*  =  *±f  „£+?;  shew  that  each  is  equal  to 

*+y  y+*   *+» 

f±*±f,  and  that  ?  =  *»! 
«+y+«  X    y    % 

11   K  '^    *    *^  •  then  ('«'+g)(^+»)(^+«0  _  (a+g)y^ 

12.  n^-y,J^=g.=±:^;  then  shaU  x+y+.-l+^l. 

x-^xyz    y—xyz    %—xy%  a?    y     « 

13.  Qiyen  f(y=i)+y^)+<fZl).o 
a—x  ^  h^y  ^  e^%         ' 

IX. 

1 .  Explain  what  is  olit^a^i  by  sajing  that  one  quantity  yaries  direeify 
or  invsraely  as  another ;  and  shew  that  ii  xcc  y,  then  x»ey,  m  which  e- 
is  some  constant  quantity. 

2.  If  iKr+&y  =  ^+<fy;  then  4:  «  y. 

3.  If  aa^-^hy  ec  es^—dy;  shew  that  x  cc  yi,a,  b^  e,  d  being  constant. 

4.  If  (^— a)  oc  (y— &),  and  when  x^^m,  y  =  n;  find  the  constant 
which  connects  x — a  and  y— J. 

5.  If  x-^-y  oc  :p^y,  then  ^+y'  «  o^,  and  conversely. 

6.  If  ^  Qc  ^,  and  if  when  2?  =  2,  y  =  3 ;  find  the  equation  between. 

y* 

d?andy. 

7.  If  a?  oc  y ;  then  aj»+y*  «  «*— y*. 

8.  Ify'oc  (fl^±ii^),  andifir«0wheny  =  5;  shewthat  f-::p— «1  is  the 

equation  which  connects  the  variables  x  and  y. 

9.  If  y  varies  as ,  and  if  whenx*-,  y--i — ?=;   find   the 

equation  which  connects  x  and  y. 

10.  A  quantity  is  made  up  of  the  sum  of  three  parts,  the  first  part 
is  constant,  the  second  varies  as  x,  and  the  third  varies  as  7? ;  having 
given  that  when  x-a,  y^O;  x^2a^  y-o;  x^Za,  y«4<i;  shew  that 
when  x^na,  then  y=»(n— l)*.a. 

11.  If  ya>a+3-f  {?,  and  acca?,  hoc  y\  occ  x;  also  when  ar=l,  2,  3; 
y  =  3,  13,  39  respectively.    Determine  the  value  of  y  when  a; »  4. 

12.  If  ya»a+^)  of  which  aoe  -  and  &oc  as*;  andwhena;"2y  3;  y»10,. 

x 

20  respectively ;  find  the  relation  between  x  and  y. 
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X. 

1.  Define  and  explain  what  is  meant  when  one  quantity  is  said  to 
yary  jointly  as  two  other  quantities,  li  zqc  xy  and  10,  9,  6  be  three 
corresponding  yalues  of  z,  x,  y;  find  the  constant  multiplier  which 
connects  x,  y,  and  s. 

2.  If  ^  <x  x+z  and  y*ccxz;  then  shall  xccy  and  y  ac  s. 

3.  If  yoc  -  andxocs+y;  if  wheny=2y2;  =  2;  what  will  be  the  Talue 

X 

of  a  when  y  =  4? 

4.  If  SBOs-fmy,  andwhenar«l,y  =  2,  2  =  3;  alsowhena;  =  2,y=s3, 
2  =  4;  find  the  equation  which  connects  the  three  variables. 

5.  If  a:  oc  y  and  xy  «  2',  then  ac'+y'+2^ «  ay2. 

6.  Jfa^ccyz  and  y*  oc  aa,  then  a*+y*  «  (ic+y)a. 

7.  A  quantity  2  is  made  up  of  two  parts,  one  of  which  variefl 

directly  as  x,  and  the  other  inyersely  as  y ;  and  if  the  yalue  of  z  be  30 
when  a; «  2,  y  » 1 ;  and  15  when  a;  =  3,  y  =  ^ ;  find  the  yalue  of  z  when 
a;  =  3,  y  =  4. 

8.  If  a;  vary  as  y  and  2  jointly,  and  when  y^m — nr^  and 
2=^^^—971"^,  it  is  known  that  a:  =  »i^+w»"*;  shewtiiat  (f»--l)'a=&<?m, 
-a,  h,  c  being  contemporaneous  yalues  of  x,  y,  2  respectiyely. 

9.  If  « «  ^,  when v  is  constant ;  and  see  v when t  is  constant ;  proye 
that  9  a:  tv  when  neither  v  nor  t  is  constant.  If  «' «  vf  and  v*  oc  si* 
when/ is  constant ;  also  ^ct  t^f  and  i^cc  s/^  when  t  is  constant ;  shew 
that  v^ccfs  when  all  vary. 

10.  If  the  sum  of  two  quantities  vary  jointly  as  the  difference  of 
their  cubes,  and  a  third  quantity ;  and  the  difTerence  yary  jointly  as 
the  sum  of  the  cubes,  and  the  third  quantity ;  shew  that  the  one  of  the 
two  quantities  yaries  as  the  other. 


1.  Diyide  £1,000  among  A,  JB,  and  0,  so  that  A^a  share  maybe  to 
^'«  as  5  to  7  and  B*9  to  C«  as  11  to  9. 

2.  If  a  sheep  be  worth  h  oxen,  and  e  oxen  equiyalent  to  d  horses ; 
how  many  horses  are  worth  e  sheep  ? 

3.  A^s  age  is  to  j9'«  as  4  to  3 ;  18  years  ago,  A^s  age  was  to  B^s 
^as  3  to  2.    What  are  their  present  ages  ? 

4.  If  by  selling  merchandise  for  m  pounds  sterling,  p  per  cent,  be 
lost ;  what  will  be  the  gain  or  loss  per  cent,  by  selling  them  for  n  pounds  ? 

5.  If  two  merchants,  A  and  J?,  enter  into  partnership  in  ^ade ;  A 
adyenturee  a  pounds  for  m  years,  and  JB  h  pounds  for  n  years ;  they 
gain  p  pounds ;  determine  the  relation  between  their  capitals,  times, 
and  shares  of  the  gains. 

6.  The  rent  of  a  house  in  one  year  was  p  per  cent,  less  than  it  was 
in  the  following  year ;  what  was  tiie  former  year's  rent  if  that  of  the 
following  year  was  m  pounds  ? 


25 

7.  A  debt  of  £21,000  is  to  be  divided  among  four  creditors,  in  pro- 
portion to  their  claims ;  tbe  claim  of  the  first  to  the  second  is  as  3  to 
2 ;  that  of  the  second  to  the  third  as  4  to  5 ;  and  that  of  the  third  to 
the  fourth  as  6  to  7.    Find  what  sum  each  creditor  has  to  receive. 

8.  The  difference  between  the  number  of  chapters  in  the  Old  and 
in  the  New  Testament  is  669  ;  and  if  one  were  added  to  the  number 
in  each,  the  ratio  wotdd  be  that  of  310  to  87 ;  how  many  chapters  are 
there  in  each  ? 

9.  The  attendance  on  Professors'  lectures  varies  directly  as  the  Pro- 
fessors' power  of  exposition,  and  inversely  as  the  square  of  the  num- 
ber of  lectures  delivered.  If  52  students  attend  the  lectures  of 
Professor  A,  who  delivers  a  course  of  12  lectures,  and  48  students 
attend  the  lectures  of  Pressor  B  who  delivers  a  course  of  18 
lectures ;  compare  the  powers  of  exposition  of  the  Professors. 

10.  On  a  division  of  the  House  of  Commons,  if  the  number  of 
members  for  a  certain  motion  had  been  increased  by  40  firom  the  other 
side,  the  question  would  have  been  carried  by  3  to  2 ;  but  if  those 
against  the  motion  had  received  60  of  the  other  party,  tihe  motion 
would  have  been  lost  by  2  to  1.  Was  the  motion  carried  or  lost,  and 
how  many  members  voted  on  the  question  ? 


1.  Explain  the  distinction  between  interest  and  discount;  and  shew 
that  the  discount  of  a  sum  of  mon^  due  at  any  future  period,  is  equal 
to  the  interest  of  the  present  worth  for  that  period. 

2.  Find  in  what  time  a  sum  of  money  will  double  and  treble  itself 
at  any  rate  of  simple  and  compound  interest. 

3.  If  the  interest  of  A  pounds  for  one  year  be  equal  to  the  discount 
of  B  pounds  for  the  same  time ;  find  the  rate  of  interest. 

4.  From  the  expression  2>  =  - — -— ,  deduce  the  common  rule  for 

^  (1+w)' 

finding  (1)  the  present  worth  (2)  the  discount  of  any  sum  of  mon^ 
due  at  any  fiiture  time  at  any  rate  of  simple  interest.  If  compound 
interest  be  allowed,  what  modification  of  the  rules  is  required  ? 

5.  Shew  that  the  difference  between  the  interest  and  discount  of 
any  sum  for  a  given  time  is  equal  to  the  interest  of  the  discount  of 
that  sum  for  the  same  time. 

6.  The  ratio  of  the  interest  to  the  discount  on  a  certain  sum  of 
money  at  a  certain  rate  per  cent,  for  2  years,  simple  interest,  is  as 
9  to  8  ;  find  the  rate  per  cent.  And  if  the  difference  of  the  interest 
and  discount  be  thirty  shillings,  find  the  sum. 

7.  What  would  be  the  amount  of  one  farthing  for  a  thousand  years 
at  5  per  cent,  per  annum  (1)  at  simple,  (2)  at  compound  interest? 

8.  K  P  pounds  at  compound  interest  at  the  rate  r,  double  itself  in 
jn  years,  and  at  rate  2r  in  n  years;,  what  is  the  ratio  of  maudn? 
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What  difference  is  made  in  the  ratio  when  the  interest  is  payable 
half-yearly  and  quarterly? 

9.  In  the  expression  for  the  amount  of  P  pounds  for  5  years  at 
compound  interest,  if  the  expression  be  expanded  according  to  powers 
of  r,  the  rate  of  interest ;  give  an  interpretation  to  each  term  of  the 
expansion. 

10.  A  mortgage  is  taken  on  an  estate  worth  N  acres  of  it ;  land  riset 
n  per  cent,  in  price,  and  in  consequence  the  mortgage  is  only  worth 
JV|  acres,  and  it  is  then  paid  off.  During  the  continuance  of  high 
prices  another  mortgage  is  taken,  which  is  worth  N  acres  as  before ; 
prices  return  to  their  former  level,  and  the  mortgage  is  worth  Nx 

acres;  shew  that  iV—iT, :  -ZV;— ir«l  :  1  +—. 

100 

11.  Determine  the  advantages  in  the  payment  of  interest,  when  it 
is  paid  half-yearly  and  quarterly  instead  of  yearly. 

12.  If  a  pension  of  £100  a  year  be  unpaid  for  6  years,  what  sum 
should  the  pensionary  receive  at  the  end  of  that  period ;  compound  in- 
terest being  allowed  at  the  rate  of  £5  per  cent,  per  annum  ? 

13.  If  £2,980  be  invested  partly  in  the  3  per  cents,  at  74,  and 
partly  in  the  4  per  cents,  at  100,  in  'such  proportion  that  the  incomo 
from  each  is  the  same ;  find  the  income. 

14.  If  01,  Oi,  0,  be  the  discounts  of  a  sum  of  money  for  the  same 
time  at  rates  ri,  r,,  r,  respectively ;  shew  that 


1 .  When  a  body  falls  freely  by  the  action  of  gravity,  the  spaOe  fallen 
through  from  rest  in  a  given  time  varies  as  the  square  of  the  time. 
Find  the  relation  between  the  space  and  the  time  if  a  body  fall  from 
rest  through  64  feet  in  two  seconds. 

2.  When  a  pendulum  /  inches  long  vibrates  once  in  t  seconds,  then 
I  cc  ^;  find  the  length  of  a  pendulum  which  shaU  vibrate  once  in  two 
seconds,  if  the  pendulum  which  vibrates  in  one  second  be  39*4  inches 
long. 

3.  A  boat  is  rowed  5  miles  an  hour  in  still  water ;  in  what  time  can 
it  be  rowed  10  miles  and  back  again  on  a  stream  which  runs  at  the 
rate  of  2  miles  an  hour. 

4.  A  person  rows  a  distance  of  a  nules  on  a  river  and  back  again  in 
t  hours,  and  finds  that  he  can  row  b  miles  with  the  stream  in  the 
same  time  that  he  can  row  e  miles  against  it ;  determine  the  times  of 
going  and  returning,  and  the  velocity  of  the  stream. 

5.  If  a  or  5  agents  produce  an  effect  $  in  time  t,  and  a'  and  h'  agenta 
together  produce  the  effect  0'  in  time  f ;  find  the  relation  between  the 
effects,  agents,  and  times ;  a,  t^  consisting  of  the  same  units,  as  also 
b,  V,  but  the  latter  different  from  the  former. 
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6.  If  tfj  oxen  in  the  time  ti  eat  up  a  meadow  of  hi  acres ;  and  «^ 
oxen  eat  up  a  like  pasture  of  h^  acres  in  time  ^ ;  how  many  oxen  will 
eat  up  a  like  pasture  of  3,  acres  in  time  t^,  the  grass  being  supposed 
to  grow  uniformly?  {Newtoni  Arithmetica  Universality  Proh,  XL, 
p.  90.) 

7.  Two  towns,  A  and  Bf  are  distant  c  miles  from  each  other ;  a 
traveller  sets  out  from  A  for  B,  and  another  at  the  same  time  sets 
out  from  B  for  A,  They  both  travel  uniformly,  and  in  such  propor- 
tion that  the  former  arrives  at  B^  a  hours  after  their  meeting  on  the 
road,  and  the  latter  b  hours  after  at  A.  In  how  many  hours  did  each 
perform  the  journey  ? 

8.  There  are  two  roads  from  A  to  B,  one  of  them  is  14  miles 
longer  than  the  other,  and  two  roads  from  B  to  C,  one  of  them  8 
miles  longer  than  the  other.  The  distances  from  Ato  B  and  from 
B  to  C  along  the  shorter  roads  are  in  the  ratio  of  1  to  2 ;  and  the 
distances  along  the  longer  roads  are  in  the  ratio  of  2  to  3 ;  determine 
the  distances. 

9.  If  two  lamps  of  different  intensity  of  brightness  be  a  feet  apart ; 
find  the  point  between  them  at  which  the  illumination  received 
from  one  of  them  shall  be  double  of  that  received  from  the  other ; 
supposing  that  the  illumination  varies  inversely  as  the  square  of  the 

.  distance  from  the  lamps. 

10.  If  the  period  of  the  earth  and  of  the  planet  Venus  in  their  orbits 
Toxmd  the  sun,  be  365  and  224  days  respectively;  determine  at  what 
intervals  these  planets  are  in  conjunction  with  the  sun. 

1 1 .  Find  a  formula  by  w  hich  it  can  be  determined  when  the  hour  and 
minute  hands  of  a  dock  are  together,  and  when  they  are  at  any  given 
angle,  during  one  revolution  of  the  hour  hand. 

12.  If  the  sun  moves  every  day  one  degree,  and  the  moon  thirteen 
degrees,  and  at  a  certain  time  the  sun  be  at  the  beginning  of  Oancer, 
and  in  three  days  after,  the  moon  in  the  beginning  of  Aries,  the  place  of 
their  next  following  oonjuBi9tion  is  required  {Newt.  Arith.  Univ.,  p.  84). 

XIV. 

1.  A  straight  line  is  3ft.  4in.  long ;  divide  it  into  two  parts,  one  of 
which  sl^iill  be  to  the  other  as  5  to  7. 

2.  How  many  inches  must  be  added  to  or  subtracted  from  each 
of  the  lengths,  a  foot,  a  yard,  a  furlong,  and  a  mile,  that  the  four 
sums  or  differences  may  form  a  proportion  ? 

3.  The  sides  of  a  triangular  field  are  a,  6,  c  yards  respectively,  a 
beiog  the  shortest  side ;  what  is  the  length  of  a  hedge  made  parallel 
to  the  shortest  side  that  will  divide  the  field  into  two  equal  parts,  and 
wh3re  do  the  ends  of  the  hedge  meet  the  other  two  sides  of  the  field? 

4.  If  the  weights  of  two  different  substances  be  in  the  ratio  of  m  to  it, 
and  together  a  compound  a  pounds ;  how  much  of  one  must  be  added^ 


28 

or  how  much  of  the  other  taken  away,  in  order  that  the  ratio  of  the 
two  sabetancee  may  be  changed  into  the  ratio  of  m'  to  n^f 

5.  If  a  body  weigh  m  pounds  whose  length  is  a,  find  the  length  of  a 
simihur  body  of  the  same  density  which  weighs  n  pounds. 

6.  Qneyeesel  contains  a  mixture  of  wine  and  water  in  the  ratio  of  2 
to  3,  and  another  in  fh»  ratio  of  3  to  7 ;  what  quantity  must  be  drawn 
from  each  to  make  a  mixture  consisting  of  5  gallons  of  water  and  II 
of  wine? 

7.  Tip  pounds  of  a  certain  metal  A  when  weighed  in  water  loses  a 
pounds,  and  p  pounds  of  another  B  loses  b  pounds  when  weighed  in 
water ;  find  how  much  of  each  metal  is  contained  in  a  compound  mass 
of  A  and  B,  which  weighs  p  pounds,  and  loses  e  pounds  when  weighed 
in  water. 

8.  In  what  proportion  must  platinum  and  silver  be  mixed  that 
the  mixture  may  be  equal  in  magnitude  to  an  equal  weight  of  gold, 
the  specific  gravity  of  gold,  silver,  and  platinum  being  respectively 
19«25,  10-47,  21-47? 

9.  Lead  weighs  11*324  times  as  heavy  as  water ;  cork  weighs  ^5 
and  fir  ^f^  respectively  of  the  weight  of  an  equal  volume  of  water. 
How  much  cork  and  lead  must  be  combined  together,  so  that  the  mass 
may  be  equal  to  80  pounds,  the  weight  of  a  beam  of  fir  timber  of  the 
same  magnitude  ? 

10.  A  person  has  three  pieces  of  metal,  eadi  of  which  consists  of 
gold,  silver,  and  copper.  The  first  contains  5  ounces  of  gold,  15  of 
silver,  and  30  of  copper ;  the  second  contains  20  ounces  of  gold,  28  of 
silver,  and  48  of  copper;  the  third  contains  12  ounces  of  gold,  39  of 
silver,  and  24  of  copper.  He  wishes  to  take  some  from  each,  and  to 
melt  all  into  one  mass,  in  order  to  obtain  a  composition  consisting  of 
10  ounces  of  gold,  23  of  silver,  and  26  of  copper.  How  much  must 
he  take  of  each? 

11.  There  are  two  globes  of  gold  whose  radii  are  a,  h  inches  re- 
spectively; if  they  be  melted  and  formed  into  a  single  globe ;  find  its 
radius  having  given  that  the  volume  of  a  globe  varies  at  the  cube  of 
its  radius. 

12.  Prove  that  the  volume  of  a  sphere  whose  radius  is  6  inches  is 
equal  to  the  sum  of  the  volumes  of  three  spheres  whose  radii  are 
respectively  3,  4,  5  inches. 

13.  If  a  body  weigh  a  ton  at  the  surface  of  the  earth,  what  would 
be  its  weight  ten  miles  above  the  surface  ? 

14.  The  weight  of  a  given  body  at  the  surface  of  a  planet  varies 
directly  as  the  mass  of  the  planet,  and  inversely  as  the  square  of  its 
radius.  The  mass  of  the  planet  Jupiter  is  338  times  the  mass  of  (the 
earth,  and  the  diameter  of  Jupiter  is  11  times  the  earth's  diameter. 
What  would  be  the  weight  at  the  surf^e  of  Jupiter  of  a  man  who 
weighs  181*5lb.  at  the  surface  of  the  earth? 


EESULTS,  HINTS,  ETC.,  FOR  THE  EXEE0I8BS  ON  EATIO 

AND  PROPORTION. 
I. 

■  1.  The  ratio  of  two  magnitades  in  geometry  is  denoted  by  the  magnitudes 
themselves ;  and  there  being  no  unit  of  magnitade  assumed  in  geometiy,  there  is  na 
mode  of  expressing  the  value  of  a  ratio,  as  in  algebra,  by  the  division  of  the  number 
of  units  in  the  antecedent  by  the  number  of  units  in  the  consequent  of  the  ratio. 

2.  See  Art  I.,  p.  1. 

8.  2x+^m,ix+Zy,  then  Sy-Sy^ix-^,  or  2xas2y  and x^y. 

The  ratio  of  a;  to  |^  is  a  ratio  of  equality. 

4.  Let  X  be  the  quantity  required,  then  ^       ■<?,  find  the  value  of  z, 

w+ifc    q 

5.  If  a;  be  the  number,  then  --I-»~.         ;  find  the  value  of  x, 

8+aj    48-aj 

8.  Let  X  be  added  to  a  and  b,  then  j  ^^  |  is  greater  than  l^Y    . 

Since  b  is  greater  than  a,  then  ^  is  a  proper  fraction,  and  f^Zfl  is  also  a  proper 

b  b+x 

fraction,  but  greater  than  ^.    Art.  2,  p.  i. 

-  i  Si  rn  1  r"  •»*  •  "-^  - 1  HI!  •*^>  i  1  r" 

11.  The  ratio  of  (»+«)» :  a»  is  represented  by  Ifti^ ; 

Andf5ii^=l+— +  — +— ;  but  x  is  very  small  when  compared  with  a, 
a*  a      a*     a* 

.*.  -  is  a  very  small  fraction,  and  a  fortiori  are  —  and  —  much  smaller  fractions, 

and  may  be  rejected  without  materially  affecting  the  result^ 

««lli±£L'=l+5£  newly  =5^±^. 

The  ratio  of  (408)''  :(402)>»ratioof  802:806  nearly; 
and  the  ratio  (408)*:  (402)*=  ratio  of  808  :  802  nearly. 

12.  The  ratio  of  a;+5  to  ^+8  is  the  same  as  the  ratio  6  to  8. 

14.  See  Exercises  in  Fractions.     I.  Example  5. 

15.  Let  X  the  digit  in  the  place  of  tens,  y  in  the  place  of  units,  then  XOx-k-y  is 
the  number,  and  lOy+a:  is  the  number  with  the  digits  interchanged. 


16.  ?=X  and  ?^=11,    17.  See  Art  1,  p.  8. 
^    11         s     49 


II. 
1.  1-11.      2.  -208.      8.  70. 

4.  Since  £l±l!»?i,  add  2  to  these  equals,  and  £l±M±i:l=^ ;  next  subtract 
xy        lb  xy  15 

%  then  ^'~^y+y'^JL    Divide  the  former  by  the  latter, .-.  ^'/^t^I==lg> 

and  ^^=4,  whence 4;:y::5:8. 
x^y 
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6.  Let  a;  denote  tlie  oomiiioii  nHo,  than  b^ax^  c^axl*,  d^^ax*  ; 

bot  imoe2(a+<Q=3{6+c), 

6.  See  Alt  1,  p.  1;  end  Art.  5,  p.  8. 

7.  Since a«  +  J«=2a?.-.d«=a(2c-«) and ?^=~. 

b        a 

S,  See  Example  8  under  I.,  Exeiciees  in  Fractione. 

9.  Let  a,  a-i-b,  a+2b,  a+3fr,  fkxir  quantities  in  arithmeticil  progreeaioiu 

Let  a?  be  added  to  each  of  them ;  then    ^"^^   ^a+^-^x 

a+fr+x    a+36  +  z 
The  poKibility  of  the  answer  will  be  determined  by  the  yalne  of  x, 

10.  See  Art.  8,  p.  9. 

11.  Here  (1)  {a-d)*:^{b-e)*-¥{c-ay-\-(a-b)^,  hj  expanding  the  terms  then 
results  a*— 2dkJ+<i*=i<  -  26c+c«+c*  -  2ac+e*  +d«  -  2W+&«, 

and  reducing  0=26*  +  2c<  -  206  -  2M 

and.'.  J*+c«=ac+W 

hut  2be=ad'k- be 

12.  See  Art  1,  p.  2,  note.      18.  See  Art.  20,  p.  14. 

111. 

1.  See  Art.  6,  p.  8. 

^  If  a:b::e:d;  then  ae:bd::c^:d* 

Herearf=Jc,  .-.?=*   and  ^^%  and  |=^,  .-.  ??=^  ^^  oc     c^ 

Conversely.     Uac:bd::c*:d*,  then  a:&::e:<2. 

Since oe : ic{::c':i2*,.*. oof*  =&e*<2,  .*.  €uL=be,  and? =3. 

0    d 

8.  If  the  learner  may  sometimes  not  perceive  the  necessary  steps  for  the  direct 
^.ilation  of  a  question,  in  esses  where  the  result  is  known,  he  is  recommended  to  try 
the  converse  by  simply  retracing  the  steps  from  the  predicate  to  the  hypothesis^  or 
from  the  quesita  to  the  data,  and  reversing  the  process. 

Given  a:b::e:d,  prove  a':c*::a«+6«;c*+d*. 

Here  ?!=?1±^1,  .-.  a«c«+a*d»=a«d>+&«c», 
c*     c*+d* 

and  a^d*=b*e^,  by  subtracting  a^c*  from  these  equals^ 

.*.  ad=bc,  and  -«£. 
b    d 

4.  Here*    £,.-.^.^;  and  ^=^; 

b    d'       b^     d*  cd    d*' 

next    «.£....£±^.^and±±A    *    al80<?±^.^; 
b    d  b  d  e±d    d'  {c±dy    d*' 

also|!.^,  r.il^JLz^,  and  ?L^1,*!. 

Hence  ?*=^.(f^)!»?!:i^. 

5.  Sincea:5::e:<^ 

then?.'  |!_|!.  «>d  f!+»!.?!+i!,.-.^l_*!, 

^.(»    e    a-*    c-d  .„j  (a->)'    {c~eD>    .  (a -6)'    4» 
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^•""•^^-^rl^'  «°'l'»'  +  »''  «'+«J*!:(<»-i)»:(c-<Q«. 


«.  Since  a:b::e:d,  then  ?_*   and  fL«£! 


»v 


but  iiince  ?.£,   ?!«£l,  and  ^il+^cU^  .  a^  +  M     5* 


IV. 

1.  It  is  not  always  obvious  what  steps  are  necessaiy  to  be  taken  to  arrive  at  th^ 
quaesitum  of  a  proposition.  In  such  cases,  by  assuming  the  quositum,  it  may  he  moro 
easy  to  retrace  the  steps  to  the  datum,  as  in  this  example.  The  datum  is  ad-mbc, 
thequ«situmisa(a  +  6+c+(i)-(a+c)(6  +  ei),  or  a^+ab+ac+adma*'\-ab-\-ac+bc. 
Here  it  is  obvious  that  a«  +ab+ae  is  added  to  each  side  of  ad-6c. 

2.  Multiply  the  factors,  and  reduce  the  expression,  then  the  reverse  operation. 

3.  Multiply  the  factors,  and  the  identity  is  manifest.     Reverse  the  process. 

4.  First  f^„£    ?L±?=l±f,   (tt+ft)*^(g+d)*     ia+b)*  +  {c+dy     b*+d*^ 

b    <f      b         d  *       b^     "    d*    *  {c-i-d)*         "    rf*     ' 

next-.^    a+f_^+rf    {a+ey^{b+d)*    {a  +  e)^  +  {b+d)^    c*  +  d* 
c    i      c    "   d  '      e*     "    d*     '  (6+rf)4        ^^~d^ 

»*  d* 

Acain?    ^    ?1    1*    a^+h^     c*+d*    a*  +  b*-hfi*-hd^    b*+d* 

b    d'    b*    d**       b*      "     d*    '  c*Td^ =     ^4    ' 

and -«-    fL±5B.£±?    a+b  +  e+d^b-hd    (a+b  +  c+d)*     (b  +  d)^ 
h^J      6    "   d  '         c  +  rf      "    d  '        (c+d)4       "^5^" 

...    {^4Mh4^r4Mrf.4){r,MhM.Mrf)4^(b^+d*)(c*-hd^)       (b  +  d)*{c^d)* 

d*  ^ 54 

'Rence  {a* +b*+c*'hd*){a  +  b  +  c+d)*^{(a  +  b)*-h{c+d)*}.{(a  +  c)*  +  {b-\-d)*}. 
5    a     e    ,   a*    ae     -„j  c«     ac    .   a^     c*    2ac 

b    d        b*     bd  d»     bd        6«^d*     W 

«.  a4-5c,  d=-.*?.    Theno+rf-(6  +  c)-a+^-(6  +  c)-5^1t^.5^*Z^ 
a  a  a 

*"  a  "  o         * 

11.  Here  ad^bc,  .'.a*J^.   M-^  c4=?!f[!,  d^.^lfl 

anda*  +  6^  +  c^+cJ4.M^{J.+^]+a*rf4j^^J.j 

*       a-^  +  6-^  +  c-^Hd-* 
13.  Since ocKk^c;  ihenbed^ad.a,  edammod.e,  dab^ad.b,  dbc^ad,ai 
.*.  bcd+cda+dab  +  abc»{a+b+e+d)ad,  and 

*5l^|±^^^-«<i-(<«J)».(«<Q»=(«J)».(Je)»-(aici>». 
a+o+e-^a 
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T. 

I.  5=1?.  theii?=5  ...  £±y=£±f  «,d  'LtlV    Simikrly  ?±i=f.  ^=f, 

then  ^Ltyj!i±i^y±i . 

a+6    6+c     b+e 

2.  Let  -=,~=!^=t??=i2,  then  mx^Rma,  ny^Itnb,  pz=Mpe, 
a    ma    nb    pc 

.\  B(ma+ni>+pc)=^mx+ny+pz,  and  V!fLtH±P?^^. 

5.  The  required  expression  is  reducible  to  the  form  {bx  -  ay)«  +  (or  -  car)*  +  (<^  -  fe)» 
=(?,  which  can  be  trae  only  on  the  condition  that  each  square  is  equal  to  zero. 
.'.  bx-ay==o,  az-ex=o,  q/^be'^o,  Biidbx=say,  iiz=cx,  q/=bz, 

, ' .  -r=  - ,  -=- ,  y-~ .    Reverse  the  process. 
a    y    c    a    b    c 

«.  Let  ?=»=f  =j,,  then  «=pa,  y=pb,  x^pe,  and  a'a:=i.a»,  6«y=p6',  <;«z=j«*. 
a    b    c 

2ffcxt  ?=Lf =1 ,  then  «=?,  J=?^,  c==^  and  ae«=^,  &y=?^  C5«=?!, 
a;y2^  i>Pi?  p  p  p 

.'.  aa;*+5y«  +  <»«=l(a;«+y»+s»),  but  a*aj+ft*y+c*2=i>(a*+^*+c*)» 

P 
.•.  (aa;*+Jy«+c3«)(a«a;+6*y+c*2)=(a»+&»+c»)(a:»+y»+s»). 

Q    X    2    a;    a    «iaj    ma    mx,^    wia  .  ^   ^ 
o.   -=-i  — =- f  — ^ — 9  — +n= — +»,  or 
a    c    2     c      z       e       z  e 

mx+nz    ma+ne    v_x  y_5   .  mxy+nyz    mab+nhe 

z  e  x~~a  xz      ~~       ac      ' 

9.  It  may  be  shewn  that  ^=^ ,  and  ^HJiLt^^^I . 

abc    o*  a6+(c+ca     a* 

10.  Let  ?=?=?=p,  then i>(a+6  +  c)=a:+y+2,  andjior  ?=?±K±5. 

Aiso^=^, . •.?!=} 5±y±5 1', but  ^=^.-.?y?=}£±i^=l\ 

oAc    a»         a»      (  a-i-b+c)  abc    a*       abc     i  a+b+c) 

Again,  let  g=^=-^=5.*,  then  g(a«  +6*  +c«)=aJ*  +y*  +=•» 
a*     d*    c* 

and  0  or  Z-~     ^^  ^     . 

II.  Since  ?=?=?,  .-.^^^I^^^,  and  let  ^-2^>*=M*  Jill*=« 

abc         a*    b*    c^  a         b         c 

then(aa;)*+(6y)*+((»)*=2'(a+6+c):  similarly  {ax)^+{by)^  +  (ez)^={x  +  y+z)J 

P 
Hence  (aar)*+(5y)»+(cz)*=(a+5+c)(aj+y+2). 

18.  Here  ?=:?  and  ?=? .-.  m^^^yl^^l    Utp  denote  each  ratio ; 
y    b         a    c       abc    a*     b*    e* 

then  82;yz=S&^,  x*=pa\  y^^pb*,  z*^pc^ 

.  •.  X*  +y»  +«•  -  3aT^=(a»  +6*  +c}»  -  3oftc}p 

.*.  «-=^*  "^y'  +g*  -  Zxyz    X* 
a*  +  6»  +c»  -  8ate""a»  * 

11  «+«    g+6     x-^-a    z+c   ,    ,  aj+a    aj+a      .    ix+a)*    (aj+a)(y+5)(2+c) 

**•  ■""=',     »  "^ »  ana  ?*  »  •  •    j  ""       f    =« .  » 

a&ae  a         a  i    a     )  abc 

Similarly  f  a^+H'_(a?+a)(y+ft)(gH-c)  ^^  /g+cV    (a;+fl)(yf-6)(2+c) 
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8(a;+a)(y+5)(s+c) 

€tbG 

Z{x+a){y  +  b)(z+e)    8(a;-ha)(y+5)(g+c)^6(ac+a)(a;+6)(g+c) 
abc  aJbe  abe 

•  •.  abc  \  ^+^*  +^  I  •=6(«+a)(aj+«{a.+c). 

VL 

1.  Since  ?=-=-^,  .•.  6«=ac,  c«=6rf,  aiidarf=J(L 
oca 

.'.  ft»+c«=flW+W,  but2Jc=a(i+&c,  .'.  6»+26(J+c«=rtc+ac?+M+&J 

or(6+c)«=a(c+ei)+fc<c  +  d5=(a  +  6)((;+d). 

8.  Hcrec(a+2c  +  e)=ac+(;«+c«+ce:  since -=-=f=- 

b    c    d    e' 

.\ac+S^=:b^  +  bd  and  c«+6tf=W+rf«  .'.  ac+2tf«+cc=6«  +  26c?+(i«=(6+cQ«. 

4.  Since  ^=5-,  .*.  6'=a<^  anda'  +  6«=a«+ac=a(a+c), 

and  6* + c*  ==ac + c» =c{a + c), 

.-.  (a»+6»)(6«+c«)=flM;(a+c)«=6«(a+c)»=(ad  +  k)«. 

5.  The  products  form  an  identity,  when  ad=bc, 

6.  Let -= -=-=!?,   then  _.=,-_=-==„ 

bed  ab     be    cd   -^ 

.  •.  a«  ='p(df,  6»  =;j6c,  c*  =2>cd,  and  a«  +  6"  +  c*  =j?(a5  +  ac  +  6c). 
Again  *?«^=g=i,  .-.  6a=2>6a,  6c=iicS  cd=pd\ 

andj»(6»+c«+rf*)=a6  +  6c+a^;  but  a«+6«+ c«=;7(a6+ac+ 6c) 
.•.(a«  +  6«+c«)(6«H-c«+(i«)=(a6  +  6c+crf)*. 

9.  b^—ac,  then  a*  -  6'  ==a*  -  ac=a(a  -  c) ;  c«  -  6«  =c*  -  ac=  -  (a  -  c)c, 

a*-6«     c^-t-*    a-cia    c)      {a-c)ac       ae       6» 

i 
VII. 

1.  Snppoee  the  result  that  ^"^  ,  h,  be  are  proportionals, 

b+c 

then  (^'^^^^,6a,  and  a<j+6c-6«+6c,  .-.  ac»6*.    The  reverse  offers  no  difficulty, 
o+c 

If  also  a,  5,  c  are  so  related  that  o+6+c=0,  and  a-"*  +  6-*  +  c-*=0  ; 

then  a>  =:=&;,  6*  =ac,  c*=»a6,  or  that  one  of  the  three  quantities  is  a  mean  proportional 

between  the  other  two. 

2.  Since  ^+^=s—,  thena»-c»-6>-<i4, 
and  a* -6« -c* -lis  or(a+6)(a-6)-(<j+ci)((j-(0. 

^*   Ir—^rr*'^^^ »  Subtract  unity  from  each  side, 
{b-d)*    e-d  ' 

then  l^LZ^l!:ii^zi)l    a-b-e+d    {a-e)-(b-d) 
(6-d)«         ■      a-d      "        c-rf         ' 

a-c         1  1  6-c 


then 


(6-d)«~c-<*    6-d    (c-(i,(6-rf)* 
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and .  •.  (a^e)(e  -  rf)  -(ft  -  c)(ft -  d), 
orac-ad^e*+ed=b*-hd-bc+ed, 
.'.  -hc+ae-ad'hbd'mh* '2bc+e*, 
or{«-ft)(c-rf)-(ft-<j)«. 

6.  Here  -a{a^-rt'c)«-(a'ft-aftO{e(a^-aft')  +  ft(a«J'-d'c)} 

-  (a'ft  -  ay)  {a'ftc  -  oft'c + oftc' -  a'ftc} 
-(a/6-aftO{-»(yc-ft6')} 
--flKa'ft-oft'Xft'tf-^^) 
.'.  (<w'-tf'c)«-(alft-aft')(ft'c-ft(/). 

6.  If  nnity  be  subtracted  from  eadi  of  these  equals,  and  the  result  reduced,  it 
becomes  ft*  +  ftc + c<  =sa*  +  a<2 + (2*. 

7.  Iiet  each  expression  be  put  equal  to  j?,  then  2p=e+€L 

8.  See  Arts.  18  and  19,  p.  18. 

9.  The  relation  between  the  two  quantities  gives  x=  -  y, 

11.  Bjr  reducing  the  expression  it  becomes  a*  -  ab^b\  whence  -=H^ . 

ft         2 

^^*  — 7—= — 7TTi= — 7 4- :  rationalise  the  denominators. 

a  -  (a*  —ft*)*    c-(c>-d*)*    **'**'"*»**~  •**«»  «ww«**ii»w«, 

*^^®^  — .  /  *  .  jmCi—^  t froni  which  by  reduction  may  be  found  (ftc- arf)*=0. 

18.  By  adding  the  two  equations  there  results  (1  -a;)i+ (1  +x)^=2yi,  from  which 
may  be  deduced  (1  -aj)(l  +a;)=(l-2y)«. 

VIII. 

1.  oa;  +  fty«-«,  o'aj+ft'y  =-<?'«,  then    H±^-±, 

a'x+ft'y     c* 

whence  ?=>^-i^  simikrly  *-*^  «d 

yalc—a4       .        a? y « 

»~flft'-a'ft'    "  '  Vc-hd^ad-a'c^aif'-cih' 

2.     ^  +^     .  .  _L f  from  this  may  be  found  -,  and  so  for  the  rest 

8.  Since  |±f=|!,  then  55!fi!=^,   ...  (a-ft)  j  5+^.-L  {  =o. 
ft+c    6»*  ft«        ft+c  (   ft«      ft+c) 

.  •.  a  -  ft=o,  and  ?1±?  - -L  =0. 

ft'      ft+c 

4.  Let  each  ratio  be  put  equal  to  jp,  then  p{a + ft + c) » o. 

5.  Equate  values  of  z  between  the  first  and  second  ratios,  then  between  the 
«econd  and  third,  and  y2x, 

6.  By  combining  the  first  expression  with  the  second,  and  the  second  with  the 
third,  and  equating  the  values  of  y,  there  results  a(a>+ft«+c*)»«c(ft*+c*  +  a»)» 
«nd  cs— as. 


8.  First  shew  that 


o-ft    aj-y. 


ft-c    y-« 
Here  is  given  a(y-t)+ft(t-«)+c(aj— y)-o 
then  a(y  -  s) + ft» — ft*  -  c(aj— y) 
add  —fty  to  these  equals, 

.•.a(y-2)-ft(y-»)-ft(a5-y)-c(»-y) 

or  (a-ft)(y-«)=(ft-c)(a!-y) 

a-ft     ft-c 

and  .*. — • 

»-y    y-» 
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Similarly  may  be  shewn  that  -^  .^^. 

y— «    «— « 

9.  Let  j>  denote  each  ratio,  then  cy-¥hz  «|7(&  ->  e),  aa + eas  aajKe  -  a),  to + ay  •>?(<> ""  ^)9 

.*.  fo+CK+ay+cy+a«+&s«o,  add  aa;+(y+es  to  each  aide 

and(a+&+c}x+(a+(+e)y+(a-l*i+6)5"*ax+5y+es. 

10.  Let  ^LlJ:  ■•«,  then  a+b^p^x-^y),  aimilarly  (+e«-(y+c]p  ande+aa(ai+2}j'i 
aj+y 

then  adding  these  eqnalitieia  Sa-|-26+2e«2p{«+y+s)  and  j»<^^'*' 


11    -—^    g+g    rf+y    ag+g    g 
a~y'     g   ""   y    '  d+y~y' 


«+y+» 


a5_g    g+rf    g+y    as  +  rf    rf 
S^y'     <i  y  *   g+y    y' 

a    e    0    e      b         e  e 

c    y    c    6       c  6  D 

.  (a;+g)(a;4-rf)(as+ft)    g  <2  (g+c)6       6 
(rf+y)(g+y)(c+y)""y'y*      c      '(d+6)c 

_g  a;  (g+c)6*    (g-Hc)t*ag 
"~y  *g  *  (d + ft)c«  ™(d + 6)c«y  * 
12.  By  equating   any  two  of  the  ratios^  the  following   expression   results, 
s:y + a» + yaj — ajya<aj + y + a)  —  0. 

18.  Assume  tiie  results,  and  from  them  form  the  given  equations,  and  then 
reTerse  the  process. 

IX. 

L  See  Art.  22,  p.  15.      2.  a;=— ^.y,  and .'.  zay. 

g^c 

8.  Let  ax^  ■\-hy=p{cx'^  —^y)*  where |>  is  some  constant  quantity, 

then  «=  I  *±^  I  *.y»,  .'.xay*. 

4.  Let  X'^a^p{y-h)f  p  being  constant,  when  x=sm  and y^n, 
thenj?=^~"f,  and  a;— g^^^n^y-i)  is  the  equation  required. 

6.  Let  aj  ■(■  y »=/>{«  -  y),  then  z*  +  2xy + y*  =/?'(a;«  —  2a?y + y*) 

and(p«-l)(aj»  +  y')=2(p«  +  l)«y,  .-.  a;»+y«=?^^±^ajy,  .-.  a;«+y'«xy. 

p^  —  1 

Conyersely.     Let  x*  +  y «  =i>ary,  then  a;'  +  2a?y + y ' = (j? + 2)ajy,  and 

x^-'2xy+y^=s(j)-2)xy; 

and»+y««-t. 

7.  Since  x  oey,  let  a;spy,  then  «»  +y*  =«(i>*  H*  l)y*  and  as*  -  y» = (|?» — l)y •, 
.  g*+y»    j>»  +  l    gndp5.+y.^,,Pl+l^^,_   ,j    ...aj»+y»ax*-y». 

«*-y*    |)*-1  ^'-l 

'     b*  a+x 

11.  The  equation  connecting  «  and  y  is  2y=>8^*  +8a;*  +a^  and  the  value  of  y  ia 
162  when  x=i. 

12.  y=J-|?  +  ^. 
'    I9x^  13 
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1.  Bm  Art  22»  pi  15,  and  Azt.  20,  p.  10.    The  constant  raoltiplier  la  A . 

2.  Here  y=p{x+z),  y'^^qa^  tli«nt^'=(a5+«)*  •ndl^=4a» 

.•, ^i^=c,   and  ss^r-..sEL  .•.« OCX. -.also sc ex a!» 
\nX  y*  oex2^  .*.  ys  OCX*  and  y  oex. 
8.  Let  y=^  andx=5(5+y),  thcni>=j(y»+y«), 

X 

and  ^=ys+y*=4+4=s8,  when  y=2  and  2=2. 

And  aince  y3=?-y«,  when  y=4,42=8-16=-8and  2=-2, 

4.  «=  2y-x. 

6.  Since  xay  and  xyccz*^  then  z=i>y,  and  2y=^*; 

.'.  aryz=ffr*,  -=^9,  .*.x*=|>22*  and  x=p  j  2, 

y 

al80«=?=?t.2;  .-.  x»+y»+2»=(iiV+J'*l>"^+ll— 

^l/' ?  +? -P     +5^'}*y*»    Hencea;*+y»+2»ocxys, 

6.  Since  «*  ocyz  and  y*  ocas,  let  «'=j>*y2,  y'=  -(?•»,  i»,  q  being  oonatants. 

Then^=^.?(  and  ?!=.?!,  ?=£;  ?!=?L\  «l+y!^?l+2!  and 
y«     g»  a:  y*     j'*     y    fl'     V'     J*        y*  y* 

sr.+y.=El±i!.y>=<£!±i!>£!£*=(,«+j«)j«.    AlB0  8iiicey=?,  y+xj!+3.x 

x  +  y  {p  +  q)x  p-i-q  p+q 

7.  Iietz=P+Q,  andletPax,  aadQal,  HhmP^pxtLod  Qc=:^,  ,\z=px+^, 

y  y  y 

whenx=:2,  y==l,  and  2=30,  .'.  30=2^+?, 

x=3,  y=^,  and  2=15,       15=8p+3gr,  .*.j»=25  and  9= -^20 

.  * .  2=  25a;  _  _.    And  when  x= 3,  and  y = 4,  then  2=  70. 

y 

10.  Let  a;,  y  be  the  two  quantities,  and  2  the  third  quantity, 
thenx-ya(x»-y*)2^  andx-ya(x»+y»)2; 
Let  a5+ys=/?(a!»  -y*)2,  and  x-y=q^x^  +y*K  I'And  q  constants, 

. '.  ^_liL-.£  .^izM ;  then  adding  and  subtracting  unity  from  the  equals, 
«*— y*    p  x  +  y 

2x»   ^(y+g)a;-*-(i>-g)y  ^^     2y»   ^    (y-y)x+(p+g)y 

x»-y»  P{x+y)        *  x»-y*  i^(*c+y) 

.  x*_    (p+qyx+(p''q)y^    x+fiy^  ^ P-q^^ 
'y*        {p-q}x+{p+q}y       nx+y*      p-^q 

And2«=-l±iL,   if?=«.      «2*+2««-2-fl    1l2*+2=-l-!^, 
712+1  y  2      s* 

ii(s«+2+l)+(«+l)=2a,   or  i»(2+l)«+{2+ 1)^=2;,. 

and  2+— as  1>  ssfft,  suppose  ; 

2  2»  rf        f 
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y  2  12)' 

•  *.  a;  ocy,  for  m  is  constant 

XL 

1.  If  x,y,  z  denote  the  shares,  find  x  in  terms  oi  y  from  one  proportion,  and  z 
in  terms  of  y  from  the  other ;  then  the  sum  of  the  shares  in  terms  of  y  is  eqnal 
to  £1,000. 

From  which  y=^?9^,  x^^h^^SH .  s-^??^. 
^  39       *  89         '  18 

2.  —  horses.      8.  One  72  and  the  other  6i  years  of  age. 

4.  Thogain  percent  is Mll-^^lzr^. 

m 

5.  The  share  of  gain  of  each  partner  depends  both  npon  the  amount  of  his  capital 
and  the  time  it  is  etaiployed  in  the  partnership. 

ma  represents  the  efficiency  A's  capital,  and  nb  of  B'b. 
Let  X  and  y  denote  A*b  and  B'b  gain  respectiyely. 
Then  ?!?_*    ma-\-nb    x+y ,       ,  JI^^V    wft+wtg_y+g 
fiJb'^y*       nb    ^   y    '         ma^x'      ma    ~"   x 

hMx+y=p.:  ra^L'^JP  and  ^+^JP . 

ma       X  nb        y 

or ma-i-nb:ma::p:x,  Uidma+nb:nb::p:y. 

The  method  may  be  extended  to  8,  4,  or  more  partners. 

If  each  partner's  capital  was  engaged  for  the  same  time,  that  is,  if  fits=n,  then 

the  relation  will  be 

a-^hiaiipix,  9Xkda+b:b::p:y. 

6.  The  rent  was    ^^^^ 


100 -i> 

7.  Let  v,9,yfZ  denote  what  each  creditor  has  to  receive,  then 

v+«+y+«=21000. 

And    ^=?,?==1,  and^^l. 
X    %    y    b  z    7 

Then  since -r:=-,    .'.   a;=^, 

V  8  8 

V  a;    9    8  4    6     .^  j  .,    6v 
-.-ss-s-.-ss-,   ana  y» — , 

a;  y    y    2  5    5  6 

v  as  y    V    8  4  6    86      ««j  .    35tr 
-.--.— s:-s=-. -.-SB — .    ana  Ss= — 

a;  y  s    s    2  5  7    85  86 

.'.  «+«+y+s=v+  —+—+— =21000,  from  which  v  can  be  fonnd. 

8      6      86 

S.  929  chapters  in  the  Old  Testament,  and  260  in  the  Kew. 

0   The  ratio  of  the  power  of  exposition  of  Professor  A  to  Professor  ^,  is  as  1  to  2. 

10.  185  voted  for,  190  against  the  qaestion«  and  875  members  voted. 

xn. 

1.  See  note,  p.  6 ;  and  Elementary  Arithmetic,  Sect.  XL,  pp.  5—7. 

2.  If  P  the  principal,  r  the  interest  of  one  pound  for  one  year,  and  M  the  amount 
in  n  years ;  then  if»P(l +fir)  at  simple  inte];^t 

If  3/'=2P,  then»«l;  whenif=8P,  n«?. 

r  r 
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At  5  per  cent  a  sum  doubles  itself  in  ^0  years,  and  trebles  itself  in  iO  years. 
Next  if=P(l +r)*  at  compound  interest 

whenif=2P,  tlienP(l+r)»=2P,  (l+r)"=2,  nlog(l+r)=log2 

...  n=,  y   ,.    SimUarly,  if  Jf=8P,  then  n=»J^??--. 
log(l+r)  ^  log(l+r) 

If  the  rate  be  5  per  cent,  then  n«jJ^=2?l?|5?==l4i  years  nearly  the  time 

in  which  a  sum  of  money  wonld  double  itself. 

Also  «=-i2i?-='i?Il?l|=:22J  years  nearly,  when  a  sum  would  treble  itself. 
Iogl06  "6211898        ^^  ^ 

8.  The  rate  of  interest  is  12^(^1^.      4.  See  note,  p.  6. 

6.  The  rate  of  interest  is  6^  per  cent,  per  annum,  and  the  sum  is  £108. 

7.  At  simple  interest  the  amount  of  one  farthing  for  a  thousand  years  at  5  per 
cent  per  annum,  is  £20  16s.  8d. 

At  compound  interest  the  amount  of  one  fBrthing  for  1000  years  at  6  per  cent. 

(1  •QKUOOO 

per  annum,  is  equal  to  ^ — -J- — . 

960 

The  characteristic  of  the  logarithm  of  this  number  is  18,  found  from,  tables 

calculated  to  seven  places  of  decimals.     It  follows  that  the  corresponding  natural 

number  to  the  logarithm  will  consist  of  19  places  of  figures,  the  first  fiye  of  which  are 

16117,  so  that  the  amount  exceeds  one  quadrillion  and  six  hundreds  of  thousands  of 

trillions  of  pounds. 

8.  HeTeP(l+»')*=2P=P(l  +  2r)"  .'.  (l+r)»=(l  +  2r)",  taking  the  logarithms 
of  these  equals,  mlog(l  +  r)=nlog(l  +  2r) 

. ..  ^^log(l  +  2^)    j£  ii^terest  be  payable  yearly. 
n     log(l+r)'  tr-j         J       J 

mJogO+r)^  half  yearly,  and  m^log(l  -^  j) .  qaarterly. 
^    log(l+i)  n    log(l+t) 

10.  Let  X  pounds  be  the  value  of  one  acre,  then  Nx  is  the  value  of  N  acres^  the 
first  mortgage. 

When  the  price  of  land  has  risen  n  per  cent,  then  iViar(l  +  r^)  is  the  value  of  the 
mortgage. 

Again  the  second  mortgage  is  taken  on  N  acres  at  the  increased  price,  and 
27x{l  + ;— r^  is  the  value  of  the  second  mortgage ;  and  this  is  paid  off  by  y^  seres  at 

the  first  price  of  n  pounds  an  acre. 

Hence  ^-^  but  ^=^-.  .:^zIL^^_,  and 
N,-N    Jf  ^    U^       y,-Jf    1+^' 

XIII. 

1.  If  «  denote  the  space^  and  t  the  time,  s.>lM*. 

2.  ^B  167*0  inches. 

8,  The  Telocity  of  the  boat  in  still  water  is  5  miles  an  honr. 
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The  velocity  of  the  stream  is  2  miles  an  hoar. 
The  Telocity  of  rowing  wUh  the  stream  is  6+2-7  miles  an  honr. 
The  velocity  of  rowing  agaijut  the  stream  5-2«8  miles  an  hoar. 
.-.  7:10::l:lf  hoar  the  time  of  rowing  10  miles  k;^^  the  stream, 
and8:10::l:8ihoars         „  „  o^wwue  the  stream, 

.-.  If +8|«4H  hoars,  the  time  of  rowing  10  miles  toUhuid  lO'miles  against 
the  stream. 

Although  the  force  of  the  stream  accelerates  the  boat  as  much  one  way  as  it 
retards  it  the  other,  the  time  is  not  the  same  as  if  the  boat  had  been  lowed  20  miles 
in  still  water,  as  10  miles  wUh,  and  10  miles  agaitui  the  stream  woald  be  accom- 
plishedin  Ahours. 

4.  Let  2  be  the  nnmber  of  hoars  in  which  the  distance  a  is  rowed  with  the 
stream,  then  <-«  is  the  nnmber  of  hoars  in  which  the  same  distance  is  rowed  against 
the  stream. 


Then  a; :  1 : :  a :  -  the  rate  per  hoar  of  rowing  vHth  the  stream. 


a 


and  <  -  a; :  1 : :  a :  ^-^  the  „  „  against  the  stream, 

.-.  «  .-5L  .:6  :ci  and^=,^,  .-.f^izf, 
X    t-x  X     t^x        e      b 

Ct  Td. 

•••  *"  j:p-g"**™®  ^'^  *Jw  stream,  and  ft-aj-.-£L  -time  against  the  stream. 

-And  «^rT~  »■      .     » time  \oiih  the  stream* rate  of  rowing + rate  of  stream. 

also  «-rv— ~  ■■  ■       ^^=time  against  the  stream  « rate  of  rowing  -  rate  of  stream. 

.-.  2xiate  ofstream-g<^±^-g<4±£),«(^'-^*> 

et  U  hct 

and  rate  of  stream  =g.^    ^^  '  miles  an  hoar. 

2bct 

6.  Here  a  agents  prodnces  effect  e  in  time  <;  then  one  agent  prodnces  effect  -i-  in 

at 

an  unit  of  time. 

Bat  since  the  nnits  of  ^  are  not  the  same  as  of  «s  <*'»  suppose  x  anits  of  the  same 

magnitude  as  those  of  a  or  a'  be  equal  to  tf. 

Then  aixi\h\}f  ,\  «*=-!-» 

6 

and  (jS^-V mmd +~ « — ^ units  of  same  magnitude  as  of  a  or  o^. 

0  0 

Then  ^   "^       agents  prodace  effect  ef  in  time  if, 

0 

•  %  1  agent  produces  effect— 7 — -^-^ ,  in  an  nnit  of  time. 

at    {a'b'i-ai/)if*  e  hif 

.  ^     (a'h+aX^)ff      <of     h'\    t 

•'T° — m XH^IVT 

f .  Sappose  the  pastures  in  acres,  and  the  times  in  months. 
Let  X  be  the  nnmber  of  oxen  required. 
And  let  y  denote  the  quantity  of  grass  on  one  acre  at  first, 

z  the  growth  on  an  acre  in  one  month. 
Then  y+<|S*grBss  on  one  acre  in  <|  juonths 


\ 
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And  h^(y-htiz)»gnsa  onhj  acres  eaten  by  a^  oxen 

Since  the  quantity  of  grass  eaten  is  proportional  to  the  number  of  oxei^ 
•••I'^TT^!-^'  and»(M,^-a,Ma)-y(«A-«.6,) 

"Whence  ga^i^-«iMa^gi^-«»^^ 
from  which  may  be  determined 

7.  Let  X  denote  the  number  of  hours  they  travel  before  they  meet ;  and  let  y 
the  distance  the  first  has  travelled^  then  the  other  has  trarelled  a-y  miles. 

Theny:m-y::x:a,  andm-y:y:x:& 

J?_=5  «id  2Liy=|  ...  ?!=l«nd»=(o6)*. 
fn-y    a  y        b        ab 

•  *.  The  first  performed  the  journey  in  a+{ah)^  houis^  and 

the  second  in  & + (ab)^  hours. 

9.  Let  A  and  B  denote  the  lamps  a  feet  apart^  and  if  the  point  required  be 
X  feet  from  A,  it  is  a-x  feet  from  B. 

Also  let  m,  n  denote  the  intensities  of  the  light  one  foot  from  the  lamps  A,  B 
respectiyely. 

The  intensity  of  light  from  lamp  at  distance  x  horn  Aimii^ij^ 

X  X 

And  intensity  of  light  from  lamp  at  distance  a-x  from  B  :in  : 


{a-xy     1* 


. '.  Intensity  light  of  lamp  at  distance  x  from  A=^ 


and  „  „  „  {a—x)  from  B=.  . 

{a — xj' 

Then  -^=s  - — ^-r- ,  from  which  the  distance  x  can  be  found. 
OS*    (a-x)* 

10.  The  earth  and  the  planet  Venus  are  next  in  conjunction  after  579*858 .  • .  day?, 
or  nearly  680  days. 

11.  Both  the  hour  and  minute  hands  are  together  at  12  o'clock.  And  when  the 
hour  hand  points  to  1  o'clock,  the  minute  hand  is  at  12.  It  is  required  to  find  a 
general  expression  from  which  may  be  found  when  the  minute  hand  is  coincident 
with  the  hour  hand  between  the  hours  h  and  A+ 1. 

Suppose  the  minute  hand  points  to  12  when  the  hour  hand  to  k  hours.  Let  the 
hour  hand  move  over  x  minute  divisions  on  the  dial  plate,  then  the  minute  hand  in 
the  same  time  moves  over  6h+x  minute  divisions  before  it  overtakes  the  hour 
hand. 

But  the  minute  hand  moves  12  times  as  fast  as  the  hour  hand, 

/•  x=^,  the  space  the  hour  hand  has  moved  over. 


uie  spov 

Here  h  may  be  1,  2,  3,  &c.,  to  11. 


12a;ss_,  the  space  the  minute  hand  has  moved  over  in  the  same  time. 
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If  Asl,  12«a~^'*5 —  mmutes  ptst  1  o'clock,  when  the  hands  are  together 
between  1  and  2  o'clock. 

Ai-2,  122  «^— 10  --.  minntee  past  2,  when  the  hands  are  next  together,  and 

80  for  the  rest  of  the  coincidences  during  the  12  hours. 

12.  The  ran  and  moon  are  next  in  conjonction  when  they  are  in  the  10**  45'  of 
Cancer. 

XIV. 

1.  One  part  ia  23^  inches,  the  other  16|. 

2.  Let  SB  be  the  length  in  yards,  then  i+x,  1+x,  220+a^  1760 +»  form  a  pro- 
portion, and  a;»— ^^  of  one  yard,  or  —  8^|^  inches. 

The  negatiye  sign  indicates  that  this  length  is  to  be  subtracted. 

8.  Let  ABG  be  the  given  triangle,  of  which  JBC  is  the  shortest  side ;  it  is  re- 
quired to  find  a  point  in  the  side  AC  from  which  a  line  drawn  parallel  to  BC 
shall  divide  the  triangle  into  two  equal  parts. 

Suppose  D  the  required  point  iu  AC  from  which  the  line  1}E  is  drawn  meeting 
the  side  AB  in  E,  and  dividing  the  triangle  into  two  equal  parts. 
•Let  AD^x^  DE^y,  and  put  AB^e,  AO-b,  BO^a. 

Then  g!Ef|?4^f=4:^=?!,  (Euc  VL,  19),  also  g5?^?4^=l. 
triangle  ^-ffC    AO'^     6«'  ^  '      "  triangle iljSC     2 

.-.—=1,   and  a:=4-=^^. 
6»    2'  >/2 

.*.  The  point  D  in  AG  is  known,  from  which  the  line  DE  is  to  be  drawn 

parallel  to  BO. 

^^  ^j=Wj*  <^^^  '^"  2),  or  y=« 
DA     CA  X    b 

. '.  y=^~  X  -4=4-=i>j&,  the  length  of  the  edge. 
4.  Let  as,  y  denote  the  weights  of  the  two  substances,  then  a; + y  ""a, 


and  a; :  y  : :  m :  n,  fh>m  which,  sb« ,  and  ^ss 


Let  z  be  added  to  the  former,  then  »+«  :  y  : :  m' :  n' 

.\tix^iiz^'niyf,  .-.^.fi^L^;  butaj— 2fL,  andy..  ^ 


(iii+n)»' 
Next  let  s  be  taken  from  the  latter. 

Then  x  :  y—ziimf  :  »',  .*.  n'x'mwfy—m'z 


.  mrn'm—Hj^'Mt    M^w     •  •    my— «a! 
..m«=wy— »a^  •  .  >■• — ^— j — ■■  — 


(mn'— m'«)a 


m'  (m+n)m' 

5.  The  length  iBa[:^M. 

6.  In  the  first  vessel  the  water  is  {  and  the  wine  | ;  in  thesecond  the  water  is  -^ 
and  the  wine  •^.  If  sb,  y  denote  the  quantities  drawn  from  the  vessels^  so  that  the 
quantity  of  water  may  be  6  and  the  wine  11  gallons. 

Then  ^4.^.5,  and^+ZS.ll:  from  which  x»%  y-14. 
5     10  6     10 

7.  Let  the  mass  oonsirt  of  x  pounds  of  A  and  y  pounds  of  B,    Then  a;+y  «p. 
Since  p  pounds  of  A  loses  b  pounds  when  weighed  in  water 
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hx 
. '.  j» :  X : :  i :  _  the  weight  lost  by  z  poonds  of  A,  when  weighed  in  water, 

P 

andp:y::c:J?  „  „        y        „        ^  „  „ 

P 

P     P 

.*.  y»^^~  J  and  a;«&2Ll!!!2,  the  portions  of  which  the  mass  is  composed, 
c— 6  b^e 

This  gives  a  solution  of  the  question  King  Hieio  proposed  to  Archimedes.  The 
story  is  told  by  Vitravius,  and  is  briefly  this.  Hiero  had  deliyered  to  a  goldsmith  a 
certain  weight  of  gold  to  be  converted  into  a  votive  crown.  The  king  snspected 
that  tiie  crown  he  received  from  the  smith  was  not  of  pore  gold,  though  of  the 
proper  weight,  but  that  it  was  alloyed  with  silver.  He  applied  to  Archimedes  t» 
ascertain,  without  melting  the  crown,  whether  it  contained  alloy.  It  occurred  at 
once  to  him,  that  if  a  weight  of  pure  gold  equal  to  the  weight  of  the  crown  were 
immersed  in  a  vessel  full  of  water,  and  the  quantity  of  water  left  in  the  vessel 
measured,  on  the  gold  being  taken  out ;  by  doing  the  same  with  the  crown  in  the 
same  vessel,  he  would  be  able  to  ascertain  whether  the  bulk  of  the  crown  were 
greater  than  the  bulk  of  an  equal  weight  of  pure  gold.  According  to  Vitruvins,  as 
soon  as  he  had  discovered  the  method  of  solution,  he  leaped  out  of  the  bath  and  ran 
hastily  through  tiie  streets  to  his  own  house,  shouting  Iv^m,  Iv/nyxa  t 

Suppose  the  crown  weighed  20  ounces.  If  10*64  ounces  of  pure  gold  lose  one 
ounce  when  weighed  in  water,  and  10 '6  ounces  of  silver  lose  one  ounce  when  weighed 
in  water,  it  will  be  found  that  the  crown  was  compounded  of  14*78  ounces  of  gold» 
and  5*22  ounces  of  silver  alloy. 

11.  If  8  denote  the  volume  and  x  the  radius  of  a  g>obe,  then  sotx*,  and  s^mpx'^ 
where  p  is  some  constant. 

When  x^a,  b,  let  s  become  #|,  s,  respectively,  then  s^  ^pa't  s^  ^pb*, 

and«i+*,-iKa*  +  &*)'    If  »i +»«•«•  then  j?4r«-iK«*  +  ^*)»  "^d  «»(o»  +  6»)*,  tha 
radius  of  the  required  globe. 

12.  Here  «««',  and  •■■|M!*  where  j>  is  constant. 

When  x»8,  4,  6,  let  s  be  denoted  by  •«,  #4,  8^  respectively, 
then«,«i7.8*,  s^^pA*,  *a—j?.5»,  and«,+*4+J5—i>(8»  +  4»  +  5*), 

but  8^px*,  .'. ! «s — ? — —  .    When  a; —6,  let  *— «,, 


«,+*4+*,     3»  +  4»  +  6» 

ia . 6^ 

*,+*4+*5    8»  +  4»  +  6' 
14.  If  a;  denote  the  weight  at  the  surface  of  Jupiter,  a;a68'5  pounds  nearly* 


then ^s 1^,     ,. — r:-l»  .•.•.■•t+'i+V 
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many  of  the  abbreviated  editions  with  which  this  University  had  previoui^v  been  deluged), 
I  consider  that  Mr.  Potts  has  done  good  service  to  the  cause  of  education." — J.  Power, 
M.A.,  Fellow  of  Clare  College,  and  University  Librarian.    (1848.) 

"Mr.  Potts  has  maintained  the  text  of  Simson,  and  secured  the  very  spirit  of  Euclid's 
Geometry,  by  means  which  are  simply  mechanical.  It  consists  in  printing  the  syllogism 
.in  a  separate  paragraph,  and  the  members  of  it  in  separate  subdivisions,  each,  for  the  most 
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the  taste  as  well  as  the  skill  of  the  Student.  As  a  series  of  judicious  exerdses,  indeed, 
we  do  not  think  there  exists  one  at  all  comparable  to  it  in  our  langcvige — ^viewed  either 
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*' The  'Hints'  are  not  to  be  understood  as  propositions  worked  out  at  length,  in  the 
manner  of  Bland's  Problems,  or  like  those  worthless  things  called  *  Keys,'  as  generally 
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his  pupiL  Mr.  Potts  appears  to  us  to  have  hit  the  'golden  mean '  of  Geometrical  tutor- 
flhip."— jtfedbantcf'  Magazine,  No.  1270. 

"  We  can  most  oonscientiously  recommend  it  [The  School  Edition]  to  our  own  yomunr 
readers,  na  the  best  edition  of  the  best  book  on  Geometry  with  which  we  are  acquainted.^— 
Meehaiaf  Magazine,  No.  1227. 
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AEITHMETICAL,  HAEMONICAL,  AND  GEOMETEIOAL 

PROGRESSIONS. 

Art.  1.  Def.  An  arithmetical  progression  is  a  series  of  qoaniities 
-which  successively  increase  or  decrease  by  a  common  difference. 

The  series  of  natural  numbers,  1,  2,  3,  4,  &c.,  form  an  increasing 
xivlthmetical  prograssion  whose  common  difiPerenoe  is  unity.  Also, 
the  series  of  odd  numbers,  1^  3,  5,  7,  &c.,  and  the  series  of  even 
numbers,  2,  4,  6,  8,  &c.,  form  two  increasing  arithmetical  progressions 
-whose  common  difference  is  2. 

And  generally  if  0  be  the  first  term,  and  d  the  common  difference, 
then  a,  a+d,  a+2d,  a+Sd,  &c.,  is  an.  increasing  arithmetical  progree- 
fiion,  and  a,  a — ^,  a — 2^,  a — Zd,  &c.,  is  a  decreasing  arithmetical  pro- 
gression; and  the  »th  term  of  the  former  series  is  0+(n— !)(/,  and  of 
the  latter  a — (n — \)d. 

To  ascertain  when  a  series  of  quantities  is  in  arithmetical  pro- 
gression, subtract  the  first  from  the  second,  and  the  second  from  the 
third,  of  any  three  consecutive  terms  of  the  series ;  if  the  differences 
are  equal,  the  quantities  are  in  arithmetical  progression. 

2.  Prop.  To  find  an  $xpremon  for  the  sum  of  any  number  of  terms  of 
-«»  ariihmetieal  progression. 

Let  a  denote  the  first  term,  d  the  common  difference,  n  the  number 
of  terms,  and  «.  the  sum  of  n  terms ;  then 
4i,=^a+(^a+d)+{a+2d)+  ....  +s^a+{n^2)d}  +  {a+{n-l)d}, 
^,=  {«+(»— lW  +  {«+(«-2y}  ....  +ia+d)+a. 

Taking  the  sum  of  these  equals, 

2n={2£J+(»— iy}  +  {2a+(n-l)(;?}+  ....  +{2a+(n-l)d} 
or  2««  =  n{2a+(fi— ly}, 

and  .*.  «,  =  |?{2a+(n— 1)<?},  an  expression  for  the  sum  of  »  terms.       f 

Jt  aj^(n^i'jd=zl,  the  last  term  of  the  series,  then  9^^-{a+l}. 

Ji 

Hence  the  sum  of  any  number  of  terms  of  an  arithmetical  series 

Is  equal  to  the  sum  of  the  first  and  last  terms  multiplied  by  half  the 

jiumber  of  terms.* 


*  From  the  expression  for  the  sum  of  an  arithmetical  progression  may  be 
<1  educed,  by  taking  Unity  for  the  first  term,  and  0,  1,  2,  3,  4,  &c.,  respectively  for 
the  common  differences,  the  general  terms  of  certain  series.  If  the  number  of  units 
in  the  successive  terms  of  each  series  be  denoted  by  points,  these  points  ean  ba 
arranged  in  the  forms  of  all  the  regular  polygons,  and  in  consequence  of  this  droom- 
stance  they  have  been  named  polygonal  numbers. 

In  the  expression  «*~|2a+(n-l)<2],  if  unity  be  taken  for  the  first  tcnBa» 


U  any  three  of  the  four  quantities  contained  in  the  expression 

«»-=-{2a+(n— ly}  be  given,  the  fourth  can  be  found  in  terms  of 
ji 

the  three  given  quantities;  also,  if  a+(n— l)(^s/,  any  one  of  the  five 

quantities  can  be  found  in  terms  of  the  other  four. 

3.  Prop.  Gwm  the  first  term  and  the  last  term  of  an  arithmetiedl  pro-- 
gression,  to  find  the  intermediate  terme,  or,  as  they  are  commonlj/  called,  thA 
arithmeticail  means. 

Let  a  denote  the  first,  and  /  the  last  term,  and  n  the  number  of 
intermediate  terms. 

Thw  the  whole  series  consists  of  »-|-2  terms. 

Let  X  denote  the  common  difference. 

Then  the  last  or  (n  +  2)nd  term  is  a+(n+ l>r, 

.-.  a+(«+l)4:  =  /,  (n+l)a?  =  /— tf,  and  a;  =  -I^  the  common  difference-; 

*i-|-l 

and  0,  1,  2,*  3,  &c.',  for  the  successiye  common  differences,  the  results  will  give  th* 
following  general  terms  of  the  orders  of  polygonal  numbers : — 

a«l,  iK^b,  give  n,  the  general  term  of  the  lineal  numbers. 

d^l^    „    in(n+l)  „  „        tiiagonal  numbers. 

(2«2,    „    n*  y,  y,        quadragonal  numbers^ 

<2»3,    „    in(3fi-l)         „  „        pentagonal  numbers, 

s  i2«4,    „    n(2»-l)  ,,  „       hexagonal  numbers. 

&c.  &c. 

cfoDr-l ,,  i7i(n— l)(r-l)+»  ,,       r  order  of  snch  numbers; 

If  sepaiate  units  denote  the  series  of  the  first  order  of  points,  the  sucoessiye  orders 
of  each  series  of  polygonal  numbers  will  be — 

1.  The  units  are        1,     1,     1,      1,     1,    1,  &c 

2.  Lineal  numbers    1,     2,    3,      4,    5,    6,  &c. 

3.  Triagonal  1,     3,     6,     10,  15,  21,  &c 

4.  Quadragonal         1,    4,    9,     16,  2ts  86,  &c. 

5.  Pentagonal  1,    5,    12,  22,  36,  51,  &<s. 

6.  Hexagonal  1,    6,    15,  28,  45,  66,  &c. 

&c.  &c. 

r.  rth  order  1,  (r+1),  8r,  2(Sf +1),  6(2r-l),  3(6r-  8),  &c^ 

To  find  an  expression  for  the  sum  of  n  terms  of  the  general  series  of  polygonal 
numbers  of  the  rth  order. 

The  general  term  of  the  rth  order  of  the  polygonal  numbers  is  in(ra  -  l)(r  - 1)  +n^ 
By  taking  »«il,  2,  3,  4, .  . .  n,  respectirely,  the  terms  of  the  series  is  obtained^ 
and— 

Thesumofnterms-4{l.2  +  2.3  +  3.4  +  ..'.  +  (n-l)n}(r-l)+(l  +  2+8  +  ...+»)- 

First  the  sum  of  1  +  2+3  +  4+.  .  .+»-!i(!Ltil. 

1.2 

Kext  to  find  the  sum  of  1.2+2. 3+3.4+.  .  .  (»-l]n; 
itappe8Wthatl.2-l.(l  +  l)-l*  +  l,2.3-2(2  +  l)-2«+2,3.4-3(3+l)-3»+8,&c. 

^•.  1. 2+2.3+. .  .  (»-l)n=l«  +  2»  +  3»  +  . .  .  (n-l)«  +  {l+2+3  +  .  .  .(n-1)} 

(n-l)n(2n-l)    w(»-l)    n(n-l)(n+l) 
"*  12  8  12     ■"        12  8 

■    mn,«f«f.««.    «(n-l)'(>t'+l)(r-l)    'n(n+l)    njitVl)    ( („-iKr-l)-H  > 
..sumof  »teniw^ Y^^ +-^ j^^-.  j  g  J- 


Then  the  2nd  term  or  1st  mean  is  a+x  -  a  A »  -Vv- , 

n+1     n-4-1        ■  ' 

o  J                 o  A                  1  o          ,21— 2a     (n—l)a+2l 
3rd  or  2nd  a+2x  =  a+ =  ^ -J-^jL-^  , 

a  A                   LQ          ,3/— 3a     (n— 2)a+3; 
or  3rd  a+Sx  =  a+ ;-  =  ^ {-r — » 


4th 

and  so  on ; 

and  the  last  a+nx  =  a+ 


n+1   •"       n+1 

m 

nl—na-  a+nl 


n+1       n+1   . 

na+l    (n— l)fl+2/    .^     a-\-nl    ««^  *t,^  ^ -,«o„a 
.•.  — L_    i 1 — I — ,  &c.,  — ■ — ,  are  the  n  means. 

n+1'        n+1  n+1 

4.  Prop.  Given  the  first  term,  the  eomnum  difference  and  the  sum  of  on 
arithmetical  progreuion^  to  find  the  number  of  terms. 

ABsuming  the  notation  employed,  it  has  been  shewn  that  the  sum 
of  an  anthmetioal  progression  of  n  terms  is 

..  =  |{2<i+(n-iy}. 

If  r  be  taken  equal  to  1,  2,  3,  4,  fto.,  in  saccession,  expressions  will  be  found  for 
the  rams  of  n  terms  of  the  series  in  order  of  the  polygonal  numbers. 

Thus  the  sum  of  n  terms  of  the  lineal  numbers  i>  .-L-— -'. 

1.2 


»»  i» 


»f  fi 


II  >» 


»•  >» 


tmgonal  number.      .«(!i+^^). 
quadragonal  numbers  — -^ —    '^  '-, 

hexagonal  numbers  *         i  9  ^  — 


ice. 
These  formulae  can  be  applied  to  find  the  number  of  baUs  in  a  pyramidal  pile, 
whatever  may  be  the  ferm  of  the  base.  The  piles  take  their  names  from  the  fonii 
of  the  lowest  course,  which  in  general  is  either  an  equilateral  triangle,  a  square,  or 
a  rectangular  parallelogram.  In  all  cases  each  successiye  course  from  the  lowest  has 
one  ball  less  in  each  of  its  sides  than  the  one  on  which  the  course  rests.  The  number 
of  courses  in  the  triangular  pile  and  in  the  square  pile  is  equal  to  the  number  of  balls 
in  the  side  of  the  lowest  course,  and  each  pile  ends  in  a  sitfgle  balL 

.  It  is  obvious  that  the  sum  of  n  terms  of  the  series  of  the  triagonal  and  quad- 
ragonal numbers  will  denote  the  number  of  balls  in  a  triangular  and  in  a  square  pile 
of  n  courses. 

If  the  pile  be  rectangular,  having  m  balls  in  the  length  and  n  in  the  breadth  of 
the  lowest  courses,  its  structure  shews  that  it  is^  composed  'of  a  square  pile  of  n 
courses,  and  m^n+1  equal  triangular  courses  lying  obliquely  in  succession  to  one 
of  the  faces  of  the  square  pile,  so  that^— 

'  The  rectangular  pile  is  equal  to  the  number  of  balls  in  the  square  pile  with 
(m- n+1)  triangular  courses.  *  .  . 

Or,  the  number  of  balls  ^'*(n+l)(2n+l)  +  ^^ . ^+  ^n(n+l) 
'  1.2.8  ^  '      1.2   • 


.=!^).j?!Ltl+«-n+l}, 


n(n+l)(8tn-n  +  4) 
1.2.8 


2*.  «  2na  4-  dn^—dn  «  dn^+(2a^d)n, 
or  dn*+2(n—d)n=:2s^,  a  quadratic  equation  from  which  maybe  de* 
duced  the  values  of  n, 


\d    2J~i\rf    2/"^/ J 


Thus  the  two  values  of  n  obtained,  may  be  both  positive,  both 
negative,  or  one  positive  and  the  other  negative. 

If  the  two  values  of  n  be  positive  integers,  they  indicate  two  series 
reckoned  in  the  same  direction. 

If  one  value  be  positive  and  the  other  negative,  the  positive  value 
indicates  a  series  of  terms  reckoned  in  one  direction,  and  the  negative 
value  indicates  another  series  reckoned  in  a  contrary  direction.  The 
reckoning  of  the  second  series  may  be  considered  to  begin  either  from 
the  last  term  of  the  first  series  or  from  the  first  term,  but  in  a  con- 
trary direction. 

In  the  general  expression  for  the  sum  of  the  series 

«.  =  ^{2a+(a-iy} 

when  n  s  -f  1,  «  =  a,  the  first  term  of  the  given  series, 
butwhen  »=— 1,  «=— (a — d); 

And  when  — n  is  written  for  -|-n  in  the  general  expression, 

,. «{2a+(-»-l).?}  = -|{2(«-«0+(«-l)(-i)}, 


.-.  _,.  =  «{2(«-rf)+(«-l)(-rf)} 


which  is  an  expression  for  the  sum  of  a  decreasing  arithmetical  pro- 
gression of  n  terms,  of  which  the  first  term  is  a — d  and  the  common 
difference  — d.* 

*  1.  If  both  yalues  of  n  be  positiye  integets,  there  are  two  series  which  satisfy 
the  data. 

If  a«12,  d--2,  ff=72;  thenn«12  and  6. 

The  first  series  of  12  terms,  17,  15,  13,  11,  9,  7,  5,  8,  1,  -1,  -3,  -6. 

The  second  series  of  6  terms,  17,  15,  13,  11,  9,  7. 

And  it  is  obvious,  that  when  the  two  values  of  ti  are  positive,  the  two  series  have 
each  the  same^ra^  terms. 

2.  If  one  value  of  n  be  a  positive  and  the  other  a  negative  integer,  the  positive 
value  furnishes  an  increasing  series,  and  the  negative  value  will  indicate  a  number 
of  terms  of  the  same  series  reckoned  in  a  reverse  order. 

If  a«»12,  (2a4,  «s]00;  then  n« 5  and  -10. 

The  first  series  of  5  terras  is,  12,  16,  20,  24,  28. 

The  value  n*  — 10  indicates  10  terms  of  the  same  series  decreasing,  and  taken 
in  the  reverse  order,  making  28  the  first  term  of  the  series.  The  second  series  of  10 
terms  is,  28,  24,  20,  16, 12,  8,  4,  0,  -4,  -8.  And  here  it  is  obvious  when  the  two 
values  of  n  have  different  signs,  the  two  series  have,  each  of  them,  the  same  last  term, 
and  the  second  series  may  be  reckoned  from  the  last  term  in  a  contrary  direction. 

8.  If  one  value  of  n  be  a  positive  integer,  and  the  other  a  positive  or  negative 
fraction,  the  positive  integral  value  of  n  gives  the  number  of  terms  of  the  series. 


Hence  the  positive  value  of  n  gives  the  increasing  series 

a,  a+df  a+2d,  a+Sd, a-\-{n—\)d, 

and  the  negative  value  of  n  gives  the  decreasing  series, 

a— rf,  a  — 2c?,  a— 3c?  ....  (a — d)  —  (n — l)d, 
so  that  the  law  of  continuity  is  preserved,  and  the  two  series  constitute 
one  series,  beginning  with  a,  the  terms  increasing  in  one  direction, 
and  decreasing  in  the  other  by  the  same  common  difference,  thus  : — 
{a—(n—l)d}  ....  {a-'2d),  (a-^d),  a,  {a+d),  {a+2d) s^a+(n—l)d}, 

5.  Def .  A  series  of  quantities  is  said  to  be  in  harmonical  progression 
when  the  difference  between  the  first  and  second  of  any  three  con- 
secutive terms,  has  to  the  difference  between  the  second  and  tliird,  the 
same  ratio  as  the  first  has  to  the  third ;  as  if  a,  h,  e,  d,  &c.,  be  a  series 
in  harmonical  progression,  then  a — b  :  b — c  : :  a  :  e.* 


If  a=18,  rf»-5;«-33  ;  then  w -6  and  J^, 

The  integral  value  gives  the  series,  18,  13,  8,  8,  ~2,  -7. 

There  is  no  series  possible  for  the  fractional  value. 

4.  If  both  values  of  n  be  positive  or  negative  fractions,  there  are  no  series  which 
can  satisfy  such  conditions. 

If  aB20,  d^  -8,  «=85 ;  thenn*^  and  f. 

These  values  of  n  indicate  that  no  arithmetical  progressions  can  exist,  such  as  the 
data  suppose. 

*  This  definition  is  thus  given  by  Thomas  Masterson  in  his  Third  booke  of  Arith- 
meticke^  which  bears  on  its  title-page  the  motto,  ''Nothing  without  labour,  All 
things  with  reason."  1595.  '*  The  15  definition.  Those  numbers  are  in  progression 
harmonical,  which  are  so  rehearsed  or  placed  one  after  other,  that  the  excesse  be- 
tweene  the  first  and  the  second,  to  the  excesse  betweene  the  second  and  the  third, 
hath  one  and  the  same  reason,  that  the  first  hath  to  the  third.  Again,  the  excesse 
betweene  the  second  and  the  third,  to  the  excess  betweene  the  third  and  the  fourth, 
hath  one  and  the  same  reason  that  the  second  hath  to  the  fourth,  and  so  following 
to  the  end." 

The  same  form  of  definition  has  been  extended  to  arithmetical  and  geometrical 
progression. 

As  «,  5,  c,  (2,  &c.,  are  said  to  be  in  arithmetical  progression 

when  a-b  :  6— c  : :  a  :  a. 

And  a,  5,  c,  (2,  &c.,  are  said  to  be  in  geometrical  progression 

when ti— 6  :  t— c  ::a  :b. 

First  To  find  the  arithmetical,  geometrical,  and  harmonical  means  between  two 
quantities  a  and  c. 

Let  X,  y,  2  denote  respectively  the  arithmetical,  the  geometrical,  and  the  har- 
monical means  between  a  and  c  . 

(1)  Since  a,  le,  c  are  in  arithmetical  progression, 

aj— a  :  e—x  : :  a  :  a  and  .  *,  as— a—c— aj, 
.*.  2a;i"a+e,  and  x^  ^a^-c)  the  arithmetioal  mean. 
Hence  the  arithmetical  mean  between  two  quantities  is  equal  to  half  their  sum. 

(2)  Since  a,  f^,  c  are  in  geometrical  progression, 

y^-a  :  c-y  ::a:y,.\  y^- ay 'mac-' ay,  y"— oc,  .'.  y»{ac)^. 
Hence  the  geometrical  mean  between  two  quantities  is  equal  to  the  square  root  of 
their  product. 


6 

6.  Prop.  To  prove  thai  ike  reciproeale  of  a  eeriee  of  qtumiiiiei  m  Aar- 
monical  progreeeion  are  in  ariikmslieal  pro^eesicn. 

Let  a,  h,  Cf  d,  e,  Ac.,  be  a  series  of  quantitiee  in  iiarmonical  pxo- 

greseion,  it  is  required  to  proTO  that  -,  -,  -,  -v  &c-f  ««  in  arithmeti- 
cal progression. 

(3)  Since  a,  s,  e  are  in  htfrnonicsl  progrewon, 

«— a  :  e—z  ::a  :e,.',  cz—ae^ae—az,  or  (a+c)sB2(K, .".  »«_-—- 

Hence  the  harmonica]  mean  hetween  two  qnantitiea  is  equal  to  twice  their  product 
divided  by  their  amn. 

Secondly.  To  determine  which  ia  the  greatest  and  which  ia  the  leaet  of  the  three 
means  between  two  qoanthiea. 

Here  ^Ltf ,  {ae)^  and  —  an  the   arithmetical,  geometrical,  and  harmonical 
2  '  a+e  ^^  * 

means  respectiirely. 

Sappoee  a>  e,  then  a-e>0  and  a*  -  2ae+e^  >  0,  add  4ae  to  these  nneqnals, 

and  a>+2ac+c'  >  iae,  .*.  a+c>  2{ac^  and  i{a'^c)>(ae)^,  that  is,  the  arithmetical 
mean  is  greater  than  the  geometrical  mean. 

N«t,  ».«•  ^> >(«)*.  .•      2    <  1      «d  ^  <(«)*. 

.-.(«)*>  2^.  th»t  is. 

The  geometrical  mean  is  greater  than  tiie  hannonical  mean.  Bat  the  arich* 
metical  mean  is  greater  than  the  geometricaL  Hence  the  arithmetical  mean  ia 
the  greatest,  and  the  harmonical  is  the  least  between  any  two  giren  qnantitiea. 

Thirdly.  To  find  the  excess  of  the  arithmetical  mean  above  the  geometrical,  the 
arithmetical  above  the  harmonical,  and  the  geometrical  above  the  harmonicaL 

(1).  ^-(«)*-£z2<|«l±f_(fdr£)!,th.tiit 

^  2  3 

The  arithmetical  mean  exceeds  the  geometrical  by  }{a^  -  ^)*. 
(2)    ^ilf-J^     (a-|-c)*~4ac    a^-2ac-\-e*    (a-c)»    fv^n^ 
,      ^'      2      a+c'^     2(a+c)      *     2(a+c)     "2(0+0)' 

The  arithm etical  mean  exceeds  the  harmonical  by  ^^"^    ;  • 

2(a+c) 

(3).  (Hf)*-  ^  Jac)Ha+c-2{ae)^JacM^e^*    ^^. 
a-\-c  a-\'C  a-^e        ' 

The  geometrical  mean  exceeds  the  harmonical  by  >^)*\^  — c^*  ^ 

<*+c 

Lastly.    To  find  the  relation  of  the  means. 

Since  (a.)*-=^,?M*  ^^  J^H-{«c)*-?^. 
2      a+c  o+c        '       a+c 

It  follows  that  ^,  (ac)*,and^   having   a   common  ratio   ?i^*  ,  are  in 

geometrical  progression, 

or^:(ac)*::(«)*:  2ac.thatis 

The  geometrical  mean  between  two  qnantitiea  is  a  mean  proportional  between  the 
arithmetical  and  harmonical  means  between  the  same  qnantitiea. 


Here  a— J  :  J  — «  i :  aiehj  definition ;  .•.  db^ac=sae^he\ 

ahe  ahc  o     h     h    a 

or  -y  -»  -  have  a  common  difference. 
e    0  a 

Next.  Since  i— c le-'d: :  hid  ,\  hc^ hd^hd—  cd ; 

hc'-hd    hd-^ed         1111 


and 


bed  bed    '   ' '  d    e     o     b' 


or  ~,  -.  -  have  a  common  difference,  and  bo  for  tlie  rest  of  the  terms. 
deb 

Wherefore  -,  -,  -,  -,  &c.,  are  in  arithmetical  progression. 
abed 

The  converse  of  this  proposition  can  be  proved  to  be  true.  It'  a 
series  of  quantities  be  in  arithmetical  progression^  their  reciprocals 
are  in  harmonical  progression. 

7.  Prop.  Given  the  fint  and  last  terms  of  a  harmonical  progressiony  to 
find  the  intermediate  terms. 

Let  a  denote  the  first,  I  the  last  term,  and  n  the  number  of  inter- 
mediate terms ;  then  the  harmonical  series  will  consist  of  n+2  terms. 
But  since  the  reciprocals  of  quantities  in  harmonical  progression  are 
in  arithmetical  progression ;  if  n  arithmetical  means  be  found  between 

-  and  -,  the  reciprocals  of  these  arithmetical  means  will  be  the  n 

a         I 

harmonical  means  required. 

Let  X  be  the  common  difference  of  the  arithmetical  progression  of 

which  --  and  -  are  the  first  and  last  terms,  then  ^--+(^+1)^; 
a         I  »     a 

,  a— i 

and  47  = 


{n+l)al 
And  the  arithmetical  means  are : — 

a+nl      2a+(n^l)l    8g+(»— 2)Z  na+l 

{n+l)ar      (n+l)al   '      {n+l)al   *  '  '  '  '  (n+l)a/' 
hence  the  required  harmonical  means  are 

(n-MW        (n+l)fl/  {n+\)al  {n+l)cd 

a+nl  '    2a+(n— 1)W'    3a+(n— 2^'  '  '  *  '     na+l  ' 
8.  Def.  A  geometrical  progression  is  a  series  of  quantities  which 
increase  or  decrease  by  a  common  ratio. 

As  1,  10,  100,  1000,  &c.,  the  successive  units  in  the  denary  scale 
of  notation  form  an  increasing  geometrical  progression,  whose  first 
term  is  1,  and  common  ratio  10. 

Also  1,  tVi  tvt7»  nm7»  &c-.  ^orm  a  decreasing  geometrical  progres- 
sion whose  first  term  is  1  and  common  ratio  i^. 

Generally,  if  a  be  the  first  term  and  r  the  common  ratio,  then 
a,  or,  or*,  oi^  is  a  geometrical  progression,  and  if  I  denote  the  itth 
term  of  the  series,  l^  ar*'^. 
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A  geometrical  series  is  convergent  when  the  common  ratio  is  less 
than  imitj,  but  divergent  when  greater  than  unity. 

Def .  The  sum  of  a  conyergent  geometrical  series,  indefinitely  con- 
tinued, is  the  limit  towards  which  an  approximation  is  made  by 
continually  increasing  the  number  of  terms. 

To  ascertain  when  the  terms  of  a  series  of  quantities  are  in  geome- 
trical progression ;  divide  the  second  by  the  first  and  the  third  by  the 
second  of  any  three  consecutive  terms  of  the  series ;  if  the  quotients 
be  equal,  the  series  is  in  geometrical  progression. 

9.  JProp.  To  find  a  formula  for  the  sum  of  any  number  of  terms  of  a 
geometrical  progression. 

Let  a  be  the  first  term,  r  the  common  ratio,  n  the  number  of  terms, 
and  s  the  sum  of  n  terms. 

Then  «  =  fl+«r+ar'+flr'+flfr*+  .  •  .  .  +ffr""''+£ir""*, 

and  rs  =  ar'^ar^'\-ar^-^ar*-\'  ....  +flr»"'+tfr"""*+ffr*. 
By  subtracting  these  equals, 

.*.  (r— l)»  =  ar"— a  =  a(r*— 1), 

.•.  #=?i!LZ_J    the  sum  n  terms  of  the  series, 
r — 1 

It  is  also  obvious  that  any  three  of  the  four  quantities  a,  r,  n,  «,  in 

this  expression  being  given,  the  fourth  may  be  determined. 

10.  Prop.  To  find  a  formula  for  the  sum  of  a  geometrical  progression 
continued  indefinitely ^  the  common  ratio  being  a  proper  fraction,* 

It  has  been  shewn  that  n  terms  of  a  geometrical  series  is  expressed 

If  r  s  -,  a  proper  fraction,  then  r"  =  — .    As  n  increases,  the  value 

of   sf"  increases,    and    when    n  becomes    indefinitely   great,    then 
—  becomes  indefinitely  small,  and  therefore  less  than  any  assignable 

quantity.     Hence  r*  or  —  may  be  rejected  without  affecting  the  result 
If  i  denote  the  sum  of  the  series  indefinitely  continued, 

*  It  may  objected,  that  since  all  the  terms  of  an  infinite  series  are  unassignable, 
it  is  therefore  impossible  to  determine  its  sum.  In  order  to  obviate  this,  let  it  be 
considered  that  a  number  actually  infinite  is  a  plain  contradiction  to  all  ideas  of 
number.  For  every  number  of  which  the  mind  can  actually  form  any  suitable  idea, 
is,  and  must  be,  always  finite,  80  that  a  number  greater  than  any  finite  number  can  be 
assigned,  and  a  greater  than  that  last,  and  so  on,  without  ever  coming  to  an  end  of 
the  increase  of  numbers  that  can  be  assigned.  This  endless  progression  of  numbers 
is  all  that  can  be  understood  by  the  infinity  of  numbers,  and  to  assert  the  number  of 
any  things  is  infinite,  is  to  affirm  that  such  a  number  is  beyond  the  limit  of  finite 
numbers,  and  cannot  be  considered  as  having  any  definite  relation  to  any  finite 
numbers  whatever. 
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/=-^ 


r— 1     1— r 
The  ezpreflsion  -  ^  ,  whicli  is  called  ^ib  «icm  o/  th$  tmis,  is  more 

properly  the  limit  to  which  the  sum  of  the  terms  continually  approxi- 
matesy  but  never  actually  attains.  The  expression,  however,  is  a 
true  representation  for  the  sum  of  the  series  continued  indefinitely, 
for  the  series  itself  is  reproduced  by  dividing  a  by  1  — r.* 

*  The  principles  of  arithmetical  and  geometrical  progressions  are  applicable  for 
finding  the  amount  of  annuities  and  their  present  values,  both  for  a  certain  number 
of  years,  and  in  perpetuity. 

To  find  an  es^esswn  for  the  amount  of  an  annuity,  payabUfor  a  certain  number 
of  years. 

Let  A  denote  the  annuity,  or  annual  payment,  r  the  interest  of  one  pound  for 
one  year,  and  M  the  amount  in  n  years. 

1.  If  simple  interest  be  allowed. 

It  has  been  shewn  that  the  amount  of  P  pounds,  at  simple  interest,  in  n  years, 
isP(l+»r). 

At  the  end  of  the  first  year  A  becomes  due,  and  at  the  end  of  (n-1)  years 

amounts  to  ^  { 1  +  (n— l)r} . 

And,  in  like  manner,  at  the  end  of  the  second,  third,  &c.,  years,  A  becomes  due, 
and  in  (n-2),  (n-8),  &c,  years,  amounts  respectively  to  ^{l  +  (n-'2)r}> 
u<{l+(n-8)r},  &C. 

Hence  the  whole  amount  ifss»^  +  ru4{l+2  +  8  +  4+  . . .  (n- 1)} 

2.  At  compound  interest. 

The  amount  of  P  pounds  at  compound  interest  for  n  years  is  P(l  +7<)". 

At  the  end  of  the  first  year  the  first  payment  A  becomes  due,  and  in  (n— 1)  years 
amounts  to  u4(l  +r)*~*. 

Similarly,  at  the  end  of  the  second,  third,  ftc.,. years,  A  becomes  due,  and  in 
(n-2),  (w-8),  &c.,  years,  amounts  to  ^(1+r)"-',  ^(1+r)"-*,  &c.,  respectively. 

Hence  the  whole  amount  if--4{l  +  (l  +  r)  +  (l+r)«  +  (l+r)»+...(l  +  r)"-»} 

(l+r)-l         r^  ^ 

If  the  annuity  be  payable  half-yearly  or  quarterly,  the  amounts  will  be  re- 

»pectivelyAj(i+0'-.ij.«.ddj((l+_-)'"-lj. 

To  find  expressions  (1)  for  the  present  value  of  an  annuity  A,  and  (2)  for  the 

present  value  of  the  amourU  of  an  annuity  A  to  he  paid  for  n  years, 

1.  If  simple  interest  be  allowed. 

Since  the  present  values  of  the  annuity  A  due  at  the  end  of  the  firsts  second,  third, 

AAA 
«e.,  years,  are  - — ,  ,   — =- ,  tc,  respectively, 

.'.  the  present  value  of  the  n  annuities  ==A  \  —— + — - — + — - — +  . .  . — = —  \ 

which  is  a  series  in  harmonical  progression. 

Next,  if  P  denote  the  present  value  of  the  amount  M  of  the  annuities  for  n 
yean,  then  il'»P(l-i-nr). 
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11.  Ttop.  Onm  th$  fint  Urm  ami  tie  but  Urm  •/  •  gMmutrieml  pn- 

Let  m  dflnote  tiie  fint  and  /  the  lest  temi,  and  »  be  the  nimiber  of 
intermediate  tenDB. 

The  whole  aeries  conaisia  of  9+2  tenna. 

Let  X  be  the  oonmum  ratio. 

The  laat,  or  {n+2)ih  term  of  the  aeriea  ia  tu^^, 

.-.  «r^'  a=  /,  «^*^  =  -,  and  *=s  -{  -  V 


■ 
The  2nd  term  iaar^^aH  l***  =(*-/)^, 

3rd  ax'^aiii'^'^  (^'^P, 


Andtheunoimtoftheii  annuities  ,*^{(*-^)^+g} 

2 

^d  p=*-^{(w-l)r^-2}   ^j^  pj^jent  Tilne  rf  the  amount  of  the  annnity. 

Hence  it  is  obvioiu  that  the  present  Talae  of  the  n  annnitiea  is  not  eqoal  to  the 
pfesent  Talne  of  the  amount  of  ^e  n  annuities  when  calculated  at  simple  interest. 

This  discreponcj  arises  from  the  tmct  that  no  conaideTation  Is  allowed  for  the 
interest  due  and  not  accounted  for  in  the  sereral  successiTe  payments,  and  proves 
that  the  principle  of  calculating  annuities  hj  simple  interest  is  fallacioas. 

The  reason  of  the  inequality  may  be  explained. 

Let  P  denote  the  present  value  of  A  due  one  year  hence,  then  P^ . and 

irA  be  left  unpaid  for  a  second  year,  and  charged  with  interest,  it  amounts  to 
^(l+r).     But  the  amount  of  P  in  two  years  is  Pll+2r)  or  -^?-t?r^  which  is 

different  from  A{l+r)  the  amount  of  A^  by  the  quantity  — ^  I 

Here  Pr,  the  interest  on  P  for  the  first  year,  is  not  charged  with  interest  for  the 
second  year ;  and  therefore  in  one  case,  A,  the  annual  payment  was  charged  with 
interest,  and  in  the  other,  only  P,  the  present  worth  of  it.  Consequently  P,  the 
present  value  of  A,  is  not  the  present  value  of  the  amount  of  A  after  any  number  of 
years,  and  the  same  reasoning  may  be  applied  to  every  payment 

If  compound  interest  be  allowed. 

The  present  values  of  the  h  annuities  due  at  the  end  of  the  first,  second,  third, 

t^.y^^jL.^^,  _^..._J_«.pectiydy. 

.  •.  the  presentvalue  of  all  the  payments^-^  \  1 +- -^rz-- —  +.  .  . \ 

*^  ^'  l+rl^l+r^(l+r)«^'"  (1+r)— 1 J 

%•   (l+r)" 
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and  60  on, 

wth  oi?"  =  a  I  -  I       =  (a^)«+». 

And  .-.  (tf"/)"'*"S(fl*~*^)'+*,  ....  (fl^)"^S  are  the  n  intermediate 
terms,  or  the  geometrical  means,  as  they  are  usually  called. 

12.  Prop.  To  find  an  expresnon  for  the  9um  of  a  series  of  qtumtities 
in  gsometrical  progression,  hut  having  their  coeffieients  in  arithmetical 
progression. 

Let  a,  {a+d)x,  {a+2i)oi?,  &q.,  be  the  series,  and  let  s  denote  the 
fium  of  n  terms. 

Then  s  =  a+{a+d)x+{a+2d)x^+  ....  +  {{a+{n—l)d}(xf-\ 

as  =  ax+{a+dy+  ....  +{(a+(n— 2)rf}«--^+{tf+(a;— l)rf}a^, 
.\  s{l—x)  =  a+dx+dx^+  ....  4-n<&--*— {«+(»— 1)4«* 

=  a+Mlr:5!:!)-{a+(«-iy};c-, 
1 — X 


.  ^_<»— {tf+{n— iy}af     dir(l— ^) 


.  Next  let  P  denote  the  present  value  of  the  amount  M  of  the  annuity  A  for  n 
years.  If  P  were  put  out  to  interest  for  n  years  it  should  amount  to  the  same  sum  as 
the  amount  of  the  annuities  for  that  period. 

Now  the  amount  Jf  of  P  in  n  years — P{1  +  r)\ 

And  the  amount  of  the  annuities  in  n  years  =  -|(l  +  r)"-l| 

*  r^  ' 

.-.  P(l+r)-=-^|(l  +  r)»-l|,   and  P=:dill±!:)!ziK 
'      r^  ^  r(l+r)» 

Hence  it  appears  that  the  present  value  of  an  annuity  for  n  years  is  equivalent  to 
the  present  value  of  the  amount  of  the  payments  of  the  annuity  when  compound 
interest  is  allowed. 

To  deduce  an  eoepresnon  for  the  present  value  of  an  annuity  to  continue  in 
perpetuity. 

If  simple  interest  be  allowed. 

Since   the    present   value   of    an    annuity   for   n   years   at   simple   interest 
ntAr-_2Jr + nA 
*         2H-2»r         ' 

If  n  become  indefinitely  great,  the  finite  number  2  In  the  denominator,  in  com- 
parison with  2nr,  an  indefinitely  great  number,  may  be  rejected  without  affecting  the 
result,  and 

The  present  value  of  the  annuity  A  in  perpetuity  *  **^^  "  ^^^  "^  ^^^ 

nAr-Ar-{-2A 

"  2r 

^Ar 
-  Y" '  ^y  rejecting  2-4  -  Ar,  being  finite, 
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If  dP  be  less  than  unity,  and  the  series  be  continued  iodefinitelT^ 

or  n  become  indefinitely  great,  then  ^'^  and  ^  become  less  than  any 

assignable  quantity,  and  the  limit  of  the  sum  of  the  series  becomes. 

a     ,      dap       .  a—(a^d)x 
+7-. ^  <>' 


l^x  '  (1— 4?)«  (1— ar)« 

13.  Fh>p.  To  find  the  sum  of  a  series  ofjraetions  whose  numerators  arr 
in  arithmetical  progression  a/nd  denominators  in  geometrical  progression. 

Let  aftjL.    ^  \    ,  Ac.,  be  the  series  of  firactions,  and  let  s  denotes 
the  sum  of  n  terms^ 


. — ,  an  indefinitely  laige  sum  to  be  paid  for  a  definite 
A 

yearly  payment  in  perpetaity. 

This  conclosion  farther  confinns  the  fallacy  of  the  principle  of  calculating- 
annnities  by  ample  interest. 

If  compound  interest  be  allowed. 

The  present  value  for  n  years  -  £ .  (^+^)*-^  .  £ .  J  i  -  _! —  } . 

^  ^  r      (l+r)»        r    \       (l  +  r)»  S 

When  n  the  number  of  years  becomes  indefinitely  great,  then  (1-f-r)*  also- 
becomes  indefinitely  great ;  and  consequently •  becomes   indefinitely  small^ 

and  therefore  less  than  any  assignable  number. 

It  may  be  rejected  without  aflfecting  the  result    And  the  present  tb1u0  of  an 

annual  payment  of  ^  in  perpetuity »  -. 

To  find  an  expression  far  the  present  value  of  cm  annuUff  to  commence  efier  tke 
expiration  o/m  years^  and  the  payments  to  continue  for  n  years,  aUowing  compound 
iTilerest. 

It  is  obyions  that  the  present  value  of  such  an  annuity  will  be  the  difference 
between  the  present  value  of  the  annuity  for  (m+n)  years  and  for  m  years. 

The  present  value  for  (m+n)  years--  f  (^  +  '')*^*— 1  { 

r  \    (l+r)*+*    J 

and  for  «i  years -£(  (lirtl  i . 

Hence  the  present  value  for  n  years  after  the  expiration  of  m  yeanr 

^}(l+r)"+»— 1    (1+r)-— 1) 

r  \  (l+r)-+»  ) 
To  find  the  present  value  of  an  anwuily  to  commence  after  the  expimUon  of  m. 
ycarSf  and  to  continue  in  perpetuity. 

Hera  the  present  value  for  m  years •■.  .  1^+*')*    * 

r       (1+r)- 

And  the  present  value  in  perpetaity  s-. 

A        1 
•f '(l+rK 


»-/' 
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Then  s^a+±tl+?±^+  .  .  .  ^LtO^^. 
XXX  as    *        '  af 


JC— 1 


r'— +  { ^^+ •  •  •  ■ +^ } -°-±^' 


^  tf  "T"  — r  —  • 

a*-*(l — o;)  a;* 

_«+(»— ly       ax       rf(l— a--i) 


If    the  series  be  continued  indefinitely,  n  becomes  indefinitely 

great,  and  if  x  be  greater  than  unity ;  then  x*~^  and  x*~^  become  in- 

deOnitely  great,  and  the  limit  of  the  sum  of  the  series  is 

dx        ax(\ — x)    ^    ax^ — 0x4- dx 
i i ,  or 1 

^l—xf      (1-x)-  (.^—1)' 

14.  Prop.  To  find  expressions,  (1)  for  the  sum  of  the  squareSy  (2)  for 
the  sum  of  the  cubes  of  the  terms  of  an  arithmetical  progression. 

Let  0|,  a^y  a^j  ,  .  .  .  a.  denote  the  n  terms  of  an  arithmetical  pro- 
gi*ession  whose  common  difference  is  d  ; 
and  let  «,  =  tfi+(«i+cZ)+(ai+2rf)+  ....  +{ai+{n^l)d} 

^^|2«,+(n-l)i}. 

s,^a,^+{a,+d)'+{a^  +  2dy+ +{a^+(n-l)rf}». 

s,^a,'+{a,+dy+{a,+2df+ +(a^+(n-. !)(?}». 

(1)  For  the  sum  of  the  squares. 

tf/— a,»  =  (aj+c£)»— aj*  =  da^^d+Sa^+d^y 
a.'^a^'  =  ia,+dy--a,^  =  Sa^'d+Sa^'+d\ 

&c.,  &o., 

«'»+i-«.' « {a^+dy-a^  =  Sa^d+Sa.d'+t^, 
Taking  the  sums  of  these  equals,  and  writing  ai+nd  for  a^+d, 

Qd 
{2)  For  the  sum  of  the  cubes. 

«/—«,*  =  {a^+dy-a^*  =  4a,»(f+6a,*d'+4fl,<i»+rf*, 

&c.,  &c., 

»Vi— «-*  ==  («»+^)*— a«*  =  4a,»<i+ 6fl,«^  +  4a,(^+(£*. 
Taking  the  sums  of  these  equals,  and  writing  a^  +nd  for  <y»+(3?, 
.-.  (tf,+«(i)*— a,*  =  4rf«5+6oP«j+4rf»<i+fw?*, 

...  ,. _^ , 

in  which  expression  both  «i  and  s^  have  been  found. 
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This  method  may  be  applied  to  find  the  Bums  of  the  fourth,  &o.^ 
powers  of  the  terms  of  the  series.* 

*  These  fonnaI»  may  be  readily  employed  for  finding  the  sams  to  n  tenns  of  the 
first,  second,  third,  &c.,  powers  of  a  series  of  the  natural  numbers,  which  form  an 
arithmetical  progression  whose  first  term  and  common  difference  is  unity. 

(1)  The  sum  of  the  first  powers  of  the  first  n  natural  numbers, 

1.2 

(2)  The  sum  of  the  second  powera,  g^=.K+*^*-«i*-^*^i--^\    . 

3a 

Here  a^=l,  d=l,  n=»,  and  ^^=^^^±11 , 

1.2.8 
(8)  The  sum  of  the  third  powers,  *,  ,K+>«Q*-«/-yj>--*<^^i"^\ 

as  before  a, -1,  rf-1,  n^n,  and  »,=^i!L±lK2^, 

1  •  « •  3 

.•...-l.+2»+8»+4«+....  ■,.,»,?-*(>''+2«  +  1).[?{;H^I'. 

Hence  it  appears  that  l»+2»+8»+  ....  +«»=(l  +  2+8+  .  .  .  +n)K 
In  a  similar  manner  may  be  found. 

.,=lH2'+8»+....-i->t»-"^"+^)'(''f+^"-^), 

*.-l«+2«+8.+4«+  ....  +n«-"("+  l)(2n+l)(8n«+6»'-  8n+ 1) 

2.8.7 
The  general  doctrine  of  series,  and  especially  of  infinite  series,'  is  perhaps  one  of 
the  most  useful  and  difficult  subjects  of  mathematical  science.  Only  the  most 
elementary  properties  of  Arithmetical,  Harmonica],  and  Geometrical  series  hare  been 
exhibited  in  these  pages.  Archimedes  was  the  first  who  determined  the  limit  of  the 
sum  of  an  infinite  series  of  squares,  whose  roots  are  in  arithmetical  progression,  and 
the  common  difference  equal  to  the  first  term.  In  the  Lilavati  are  given  rules  for 
finding  the  sum  of  the  squares  and  the  sum  of  the  cubes  of  the  natural  numbers. 
Wallis,  in  his  "Arithmetica  Infinitorum,"  1655,  first  shewed  the  quotient  of  a  divided 
by  1  - r  produced  the  infinite  series  a+ar+ar^-i-  &c.,  which  became  the  germ  of 
many  important  improvements.  Demoivre  was  led  to  the  discovery  of  recurring 
series  by  his  inquiries  in  the  calculation  of  probabilities,  which  constitute  a  part  of  his 
treatise  entitled,  ''Miscellanea  Analyticade  Seriebus,  Ac,  1730."  Newton,  Brounker, 
the  Bemoullis,  Mercator,  James  Qregoxy,  and  others  in  later  times,  have  largely  ex- 
tended the  knowledge  of  properties  of  series,  the  investigations  of  which  are  de- 
pendent  on  principles  and  processes  in  the  more  advanced  parts  of  the  science. 


EXERCISES. 

I. 

Find  the  sums  of  tho  following  aritlinietical  eeries : — 

1.  1+2  +  3+4+  ....  tonteims. 

2.  1+3+5+7+  ....  to  n  terms. 
8.  2+4+6+8+  ....  to  »  terms. 

4.  2+8+14+  ....  to  12  terms. 

5.  3+10+17+  ....  to  40  terms. 

6.  1+9+17+  ....  to  100  terms. 

7.  1+5+9+  ....  to  1,000  terms. 

8.  0+3+6+  ....  to  51  terms. 

9.  16+14+12+  ....  to  25  terms. 

10.  6+2—2^  ....  to  31  terms. 

11.  —9—7—5—  ....  to  20  terms. 

12.  —5—3—1—  ....  to  72  terms. 

13.  1—3+5—7+  ....  to  45,  and  to  2n  terms. 

14.  1—8+15—22+  ....  to  50,  and  to  2»+l  terms. 

n. 

Find  the  snms  of  the  arithmetical  progressions : — 

1.  l+f+2+f+  ....  to  12  terms. 

2.  5+4^^+3^+  ....  to  20  terms, 

3.  3+1+6+  ....  to  17  terms. 

4.  4+1+  ....  to  50,  and  to  n  terms. 

5.  ^+^+^+  ....  to  100,  and  to  2n  terms. 

6.  i+|+l+  ....  to  51  terms. 

7.  |.+j+j+  ....  to  100  terms. 

8.  fl— 2a+3a-4fl+  ....  to  2»  terms. 

9.  (a+n)*+(a*+»*)+(«-»)*+  ....  to  4ii  terms. 

10.  !!zl  .  !iz:?  j.?Z:£+  .  .  .  .  to  «  and  to  2ii  terms. 

n    ^   n    ^    n 

11.  l+^zl  .?zi+  ....  to  8»  terms. 

n— 1  * n  — 1 

12.  ±t:^+?iz2£+ to  (2n+l)  terms. 

13.  •1+-2+-3+-4+  ....  to  100  terms. 

14.  4+??+!!?+  ....  to  n  terms. 

m. 

1.  Insert  three  arithmotioal  means  between  -012  and  '132. 

2.  Insert  nine  arithmetical  means  between  9  and  109. 

§10 
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3.  Fiad  ten  arithmetical  means  between  a  and  6. 

4.  Find  a  series  of  arithmetical  means  between  1  and  21,  such  that 
their  sum  has  to  the  som  of  the  two  greatest  of  them,  the  ratio  of 
11  to  4. 

5.  The  snm  of  n  arithmetical  means  between  1  and  19  is  to  the 
snm  of  the  first  n — 2  of  them  as  5  is  to  3 ;  find  the  means. 

6.  The  sum  of  anj  number  of  arithmetical  means  between  a  and  b 

is  to  the  same  number  between  ~  and-,,  as  o^  is  to  unitj. 

a        0 

7.  Shew  that  the  difference  between  the  sum  of  an  arithmetical 
series  and  the  sum  of  the  arithmetical  means  between  eveiy  two  con- 
secutive  terms,  is  equal  to  half  the  sum  of  the  first  and  last  terms  of 
the  arithmetical  series. 

8.  If  »  arithmetical  means  be  inserted  between  a  and  h ;  shew  that 

the  sum  of  the  whole  series  is  ^0+&)f  and  n = "^    ,  where  m  is 

the  difference  between  the  first  and  last  mean. 

IV. 

1.  In  erery  arithmetical  progression,  shew  that  the  sum  of  any  two 
terms  equidistant  from  the  first  and  last  terms  is  equal  to  the  sum  of 
the  first  and  last  terms ;  and  the  snm  of  the  first  and  third  of  three 
equidistant  terms,  is  equal  to  twice  the  second. 

2.  The  successive  second  differences  of  the  squares  of  the  natural 
numbers  form  an  arithmetical  progression  whose  common  difference 

19  2. 

3.  Write  down  the  arithmetical  series  whose  7th  and  10th  terms 
are  respectively  15  and  21. 

4.  Shew  that  a  certain  number  of  terms  of  an  arithmetical  progres- 
sion may  be  found  of  which  the  algebraic  sum  is  equal  to  zero,  provided 
that  twice  the  first  term  be  diviBible  by  the  common  difference,  and 
the  series  ascending  or  descending  as  the  first  term  is  negative  or 
positive. 

5.  The  sum  of  an  even  number  of  terms  of  any  arithmetical  pro- 
gression, whose  common  difference  is  equal  to  the  least  term,  is  four 
times  the  sum  of  half  that  number  of  terms  diminished  by  half  the 
last  term. 

6.  In  an  arithmetical  series,  if  the  common  difference  be  equal  to 
twice  the  first  term ;  prove  that  the  quotient  of  the  sum  divided  by 
the  first  term  is  a  perfect  sqxiare. 

7.  If  «  denote  the  sum  of  n  terms  of  the  series  of  the  natural  num* 
4>ers  beginning  with  unity ;  shew  that  8«+ 1  is  a  square  number. 

8.  Having  given  the  sum,  the  first  term,  and  common  difference  of 
an  arithmetical  progression,  find  the  number  of  terms,  and  shew 
j^enorally,  that  if  one  of  the  roots  be  a  negative  integer,  the  solution 
tnaj  be  adapted  to  another  series. 
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9.  The  first  two  terms  of  an  arithmetical  progression  being  together 
equal  to  18,  and  the  three  next  to  12 ;  how  many  terms  beginning 
with  the  first  must  be  taken  to  make  28  ?  Explain  the  reason  of  the 
double  solution. 

10.  The  sum  of  x  terms  of  the  series  3,  4,  5,  &c.,  is  25,  and  y  terms 
of  the  series  5,  4,  3,  &c.,  is  14 ;  find  the  values  of  »  und  y,  and  explain 
their  meaning. 

11.  The  squares  of  all  the  odd  numbers  are  found  among  the  terms 
of  the  arithmetical  series  1,  9, 17, 25,  33,  41,  &o.  Prove  this,  and  ehew 
at  what  intervals  they  occur.  Apply  the  result  to  discover  how  many 
of  the  first  100  terms  of  the  series  are  not  square  numbers. 

12.  How  many  terms  of  the  series  1,  3,  5,  7,  &c.,  are  equal  to  the 
number  123454321  ? 

V. 

1.  Find  the  first  term,  common  difference,  and  number  of  terms  of 
the  arithmetical  series,  the  mth  and  nth  terms  of  which  are  a  and  ^, 
and  its  last  term  a+^- 

2.  Given  the  (m+ti)th  and  the  (m^7»)th  terms  of  an  arithmetical 
series ;  find  the  mth  and  nth  terms ;  and  conversely. 

3.  The  nth  term  of  an  arithmetical  series  is  ^(3n — 1),  and  the  sum 

of  n  terms  is  iL(3ii+l) ;  find  the  series. 

4.  The  sum  of  n  terms  of  an  arithmetical  progression  is 
n[a — Vf-\-'r^ah ;  determine  the  series,  and  write  the  nth  term. 

5.  Prove  that  1,  3,  5,  &c.,  is  the  only  arithmetical  series  whose  fir^t 
term  is  1,  in  which  the  first  half  of  any  even  number  of  terms  is  one- 
third  of  the  second  half. 

6.  Of  the  two  series  2,  5,  8,  11,  &c.,  and  3,  7,  11,  &c.,  each  ex- 
tending to  100  terms ;  how  many  terms  of  the  two  series  will  be 
identical? 

7.  If  the  sum  of  m  terms  of  an  arithmetical  progression  be  equal 
to  the  sum  of  the  next  n  terms  and  also  equal  to  the  sum  of  the  next 

l»tenn85  prove  that  ('»+'>)(f-») ^ (»»+i>)(«'-»»); 
^  ^  ^  ftp  mn 

8.  Ha,  h  be  the  first  and  nth  terms  of  an  arithmetical  series,  a',  h' 
the  pQi  terms  from  the  extremes,  and  d  the  common  difference ;  shew 
that  aHl-^-ah^  (p—  1  ){n—p)d^. 

9.  If  «  be  the  sum  and  d  the  common  difference  of  an  arithmetical 
series  of  n  terms;  shew  that  the  difference  of  the  squares  of  the  first 

and  nth  terms  is    ^  ~  ^    . 

n 

10.  If  the  series  of  the  natural  numbers  be  arranged  in  the  groups 
1,  2+3,  4+5-t-6,  &c. ;  find  the  sum  of  the  nth  group.  Also  if  the 
odd  numbers  be  arranged  in  a  similar  manner,  1,3+5,  7  +  9+11,  &c. ; 
find  the  sum  of  the  nth  group. 
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1 1 .  If  there  be  a  series  of  tenns  forming  an  arithmetical  progression 
whose  common  difference  is  d,  and  if  sets  of  p  consecutiye  terms  be 
taken,  the  first  of  eadi  set  being  the  same  as  the  last  term  of  the  pre- 
ceding set,  then  the  series  of  the  sets  will  form  an  arithmetical  pro* 
gression  whose  common  difference  is  p{p — l)d. 

12.  If  la  series  of  terms  in  arithmetical  progression  be  divided  into 
gproups  of  n  terms  in  each  group,  and  the  terms  of  each  g^oup  be  added 
togetiier ;  the  results  shall  form  an  arithmetical  progression  whose 
common  difference  is  n'  times  the  original  conmxon  difference. 

VI. 

1.  lid,  h,  e  be  in  arithmetical  progression;  shew  that 

2.  If  — -,    , be  in  arithmetical  progression ;  shew  that 

b+e    «+(?    a+b  *:    o  » 

«»+c«  =  25». 

8.  If  — -,   -— ,  — 5 ,  be  in  arithmetical  progression,  prove  that 
b — c    e — a    a-'-b 

o^+g»~2y_g+5+c 

a»+c«— 2^         2      * 

4.  If  - — - — ,   — - — -,   — ~ —  be  in  arithmetical  progression, 

prove  that  ?II?-= — . 

b — c    a-^-b — e 

5.  lia,  b,  0  be  themth,  nth,  and  ^Hih  terms  respectively  of  an  arith- 
metical progression ;  shew  that  {m  -  n)c+(j>—m)b+{n^p)a  -  0. 

6.  If  a,  b,  c,  dhein.  arithmetical  progression, 

then  shall  ^{ab+bc+od+da)^a^'\'b*+^+d^+G{ae+bd), 
and  3(ao+bd)^3{b€+ad)  =  (fi+d^+2{b*+(^)'^2{ad+be+<k). 

VIL 

1.  If  8if  9^  «,  be  the  sums  of  n  terms  of  three  arithmetical  pro- 
gressions of  which  the  first  term  of  each  is  unity,  and  the  common 
differences  1,  2,  3,  respectively,  then  shall  «8+'i  — 2*s« 

2.  If  #1,  «„  <,  be  the  sums  of  n,  2tt,  3n  terms  respectively  of  on 
arithmetical  series ;  shew  that  s^  =  3(«2 — <j). 

3.  If  «,  represent  the  sum  of  n  terms  of  an  arithmetical  series ; 
shew  that  9^,^ — 2«»4^+Mt  ^  \  the  common  difference. 

4.  There  are  n  arithmetical  series,  the  first  term  of  each  of  which  is 
a  and  common  difference  b ;  shew  that  if  there  be  taken  n  terms  of 
the  first  series,  (n*— 1)  of  the  second,  &c.,  to  the  nth  inclusive,  the 

sum  of  the  results  will  be  !?l!Ll:il.{a+ 1 (n-l)5}. 

5.  If  there  be  n  arithmetical  series,  the  first  terms  of  which  are 
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1,  2,  3  ...  .  and  their  common  difEerences  3/5,  7  .... ;  shew  that  the 
8um  of  n  terms  of  all  the  series  is  ^{2n'+(n— 1)'}. 

6.  There  are  m  arithmetical  series,  each  beginning  with  1,  and 
having  1,  2,  3,  &c.,  as  their  common  diiferences ;  shew  that  the  sum  of 
their  nth  terms  is  J{(n— l)i»'+(n+l)m}. 

7.  If  s^f  8ij  8i .  .  ,  8,  denote  the  sums  of  ^'arithmetical  progressions 
continued  to  n  terms ;  the  first  terms  being  1,  2,  3,  &c,,  and  the  com- 
mon differences  1,  3,  6,  &c. ;  shew  that  *i+*j+*«+  .  .  .  «p  =  J(w^+  l)np. 

8.  If  8if  8^f  »i .  .  .  8^  denote  the  sums  of  ^  arithmetical  series  each  to 
n  terms,  the  first  terms  are  the  first  p  even  numbers,  and  the  common 
differences  are  the  first  p  odd  numbers  respectively ;  shew  that 

9.  If  «),  «2»  ^31  ^4  •  •  •  '3»  denote  the  sums  of  n  terms  of  2»  arith- 
metical progressions  whose  first  terms  are  the  same,  and  whose  common 
differences  are  respectively  b,  2h,  3&,  .  .  .  2nb ;  shew  that 

s 

vm. 

1.  Qow  many  strokes  does  a  dock  strike  in  twelve  hours  ? 

2.  The  three  digits  of  a  certain  number  are  in  arithmetical  pro- 
gression ;  if  the  number  be  divided  by  the  sum  of  the  digits  in  the 
units  and  tens  places,  the  quotient  is  107 ;  but  if  396  be  subtracted 
from  the  number  its  digits  will  be  inverted.    What  is  the  number  ? 

3.  The  interior  angles  of  a  rectilinear  figure  are  in  arithmetical  pro- 
gression; the  least  angle  is  120°,  and  the  common  difference  is  5°; 
find  the  number  of  sides,  and  construct  the  figpure. 

4.  A  debt  can  be  discharged  by  paying  2s.  6d.  the  first  week,  5s.  the 
second,  and  so  on,  in  one  year ;  what  is  the  last  payment  and  the 
amount  of  the  debt  ? 

5.  If  100  stones  be  placed  in  a  straight  line  in  succession,  one 
yard  from  each  other,  the  first  being  one  yard  from  a  basket ;  what 
distance  will  a  person  go  over  who  gathers  them  up  singly,  returning 
with  each  to  the  basket  ? 

6.  A  sets  off  and  travels  5  miles  the  first  hour,  6  the  second,  7  the 
third,  and  so  on;  ^  sets  off  3  hours  later,  and  travels  15  miles  an 
hour ;  find  when  B  overtakes  A,  and  when  A  overtakes  B. 

7.  Suppose  two  persons,  A  and  ^,  go  round  the  world  at  the  equator. 
A  goes  eastward,  one  mile  the  first  day,  two  the  second,  and  so  on,  in 
arithmetical  progpression.  JB  goes  westward,  at  an  uniform  rate  of  20 
miles  a  day.  Find  where  they  will  meet,  and  interpret  the  negative 
result,  supposing  the  circuit  of  the  earth  to  be  23,661  miles. 

8.  It  was  observed  that  from  the  8th  to  the  19th  of  June  of  a 
certain  year  the  thermometer  rose  half  a  degree  daily,  and  tliat  the 
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arithmetical  mean  of  these  twelve  difierent  positions  of  the  ther- 
mometer was  18f  degrees.  At  what  degree  did  it  stand  on  the  8th 
day  of  June  ? 

IX. 

1.  Insert  three  harmonical  means  between  a  and  h, 

2.  Insert  four  harmonical  means  between  6  and  26. 

3.  Insert  six  harmonical  means  between  1  and  20. 

4.  Clontinne  the  harmonical  progression  ....  3,  4,  6,  ....  both 
ways ;  how  far  can  it  be  continued  ? 

5.  If  h^a  be  the  harmonical  mean  between  c— a  and  d—a ;  then 
shall  d^e  be  the  harmonical  mean  betv^eea  a^o  and  h—c. 

6.  Shew  that  the  difference  between  the  first  and  last  of  n  harmonical 
means  between  a  and  h,  bears  to  the  difference  between  a  and  h,  a  less 
ratio  than  n — 1  to  n+1* 

7.  In  any  harmonical  progression,  the  product  of  the  first  two  terms 
is  to  the  product  of  any  two  adjacent  terms,  as  the  difference  between 
the  first  two  is  to  the  difference  between  the  other  two. 

8.  Given  the  mih  and  nth  terms  of  a  harmonical  series ;  determine 
the  first  and  second  terms. 

9.  If  m  and  n  be  two  arithmetical  means  between  a  and  &,  and  ji 
and  q,  two  harmonical  means ;  then  shall  mq  =  np. 

10.  If  h'i'e,  a+Cf  a+h  be  in  harmonical  progression ;  shew  that 
a- J  h^f  (^  are  in  arithmetical  progression  ;  and  conversely. 

11.  lia,  hf  ehe  in  arithmetical  progression,  then  ab,  ac,  and  he  shall 
be  in  harmonical  progression. 

12.  If-yL-,  hf  —^  be  in  arithmetical  progression;   then  shall 
a  J  Yt  ^  ^^  ^^  harmonical  progression. 

0 

X. 

If  a,  hf  c  be  in  harmonical  progression,  prove  that  the  following 
quantities  are  respectively  in  harmonical  progression  :  — 

1.  a,  a—c,  a—b.       2.  c,  c — a,e-b,       3.  - — ,  ,  — ?_. 

b  +  c    c+a    a+b 

A       ab        ac        be       ^         a  b  e 

a+i'  a-^c    b'\-c'      '  b+e  —  a^  a+e—J*  a+b^e* 

a    b+e     b    a-\-e     o    a+b 

XI. 

If  a,  3,  Cy  d  be  in  harmonical  progression,  verify  the  truth  of  the 
following  equivalents : — 

1.      1    +   1-1+1.       2.     1     ■     1     •     -^       11 


— a    b  —  e    a     e  a — b    b — e    c — a     e     a 
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8.   ^fZ:*l+?(f=*i  -  0.     4.  »'+«» >  26',  and  ganeraUy  ««+c"  >  2 J\ 

6.   *±f+{±*-2. 

6.  S(5-:aXcf-^)  =  (<?  -  6)( (?-«). 

xn. 

1 .  If  a,  b,  e  are  positive  quantities  ia  hnrmonical  progression,  and 
<^^+^'+^=  1  ;  shew  that  b  is  less  than  the  reciprocal  of  the  square 
root  of  3. 

2.  If  -  =   f  "^— ;  then  is  ^  a  harmonical  mean  between  a  and  ft. 

b    2P+ao ' 

3.  Shew  that  (a^+y»)(a:»+^y+y'),  ar*+:ry+y*,  (ar*+y')(ar'-ay+y') 
are  in  harmonical  progression. 

4.  If  a,  b,  e  be  the  mth,  nth,  and  pih  terms  respectively  of  a 
harmonical  progression,  then  (»i — n)ab+(p-  m)ae+(n — r)bo  =  0. 

5.  If  fLZf  =  flZ?^  SB  ?^Z!?  and  p,  q,  r  be  in  arithmetical  progression, 

px        qy         r% 

then  shall  x^  y,  %  be  in  harmonical  progression. 

6.  If  a,  5,  (;  be  in  arithmetical  progression,  and  a,  ft,  (£  in  harmonical 

progression ;  shew  that  4=1 — ^^T    ■  • 

d  ab 

7.  If  the  harmonical  means  between  each  pair  of  the  three  quantities 
a,  ft,  e  be  in  arithmetical  progression,  then  ft^,  a',  c'  shall  be  in  har- 
monical progression.  But  if  the  harmonical  means  be  in  harmonical 
progpression,  then  a,  ft,  c  shall  be  in  harmonical  progression. 

8.  If  n  arithmetical,  and  the  same  number  of  haimonical  means  be 
inserted  between  two  quantities  a  and  ft  ;  and  a  series  of  n  terms  be 
formed  by  dividing  each  arithmetical  mean  by  the  corresponding  har- 
monical mean ;  the  simi  of  the  series  will  be  equal  to 


I        n+l      6aft     j 


XIIL 

Find  the  sums  of  the  following  geometrical  series ; — 

1.  1+2+4+8+  ....  to  10  terms  and  to  n  terms. 

2.  1—2+4—8+  ....  to  80  terms  and  to  n  terms. 

3.  1+1+1+1+  ....  to  20  terms,  and  ad  infin. 

2     4     8  ' 

4.  1—1+1—1+  ....  to  20  terms,  and  ad  infin. 

2     4     8 

5.  9  -  6+4  ....  to  20  terms,  and  ad  infin. 

6.  100+40+16+  ....  to  50  terms. 
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7.  ~+l+-+  •  •  •  •  ad  in£n. 
4  6 

8.  7-:^+^-  &c 14  tomw. 

o        64 

9.  _+_+__+  ....  ad  infin. 

4  d     !fiO 

10.  1 +_+__+  ....  to  n  terms. 

4     16 

9 

11.  2+3+-+  ....  to  20  terms,  and  to  2»  terms, 

12.  -.—_+_—  .  .    .  to  8n  terms. 

13.  1+1+JL+J_4. ad  infin. 

2     2.2»     2.2*  ***"". 

14.  1— _+_-—__.+  ....  ad  infin. 

2  2.3     2.3» 

15.  3?+2i+  ll+  ....  to  30  terms. 

8       4       2 

16.  1  +?+2+-+4+A+,  &c.,  to  n  terms, 

3  9  27 

17.  -+ — + +,  &c.,  ad  infin. 

6     25     125     ' 

18.  1— A+±—  &C.,  ad  infin. 

5  15    45     '       ' 


19.  a*-»+a-**+a'-»i»+ to  «  terms. 

20.  ^?Y— 6*+2.15*— to  8  terms. 

21  1  ,  ^  ,  1  ■ 

•   n/2(1  +  V2)"^(1  +  V2X2+>/2)+(2+V2)(3+v^2)"^  '  '  ' 

ad  infin. 


1.  In  every  geometrical  progression  of  a  finite  number  of  terms^ 
the  product  of  any  two  terms  equidistant  from  the  first  and  last  terms 
is  equal  to  the  product  of  the  first  and  last  terms. 

2.  Shew  that  evexy  term  of  the  series  1,  2,  4,  8,  &c.,  is  greater  by 
unity  than  the  sum  of  the  terms  which  precede  it. 

3.  In  every  geometrical  progression  consisting  of  an  odd  number 
of  terms ;  the  sum  of  the  squares  of  the  terms  is  equal  to  the  sum  of 
all  the  terms  multiplied  by  the  excess  of  the  odd  terms  above  the 
even. 

4.  In  every  geometrical  series,  the  sums  of  every  successive  n  terms 
are  in  geometrical  progression;  find  the  sum  of  m  such  series,  and 
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-flliew  that  the  result  is  Khe  same  as  that  for  the  som  of  mn  terms  of 
the  first  series. 

5.  In  any  geometrical  series,  if  the  (p+q)^!  term  be  equal  to  m, 
and  the  [p  —  q)^  term  to  n ;  the  ^th  term  is  equal  to  (mn)*,  and  the 

^ ;  prove  also  the  coiiTerse. 

6.  Explain  what  is  meant  by  a  limit,  and  prove  that  the  sum  of 
the  seriefi  a+ar+af^+  .  .  .  ar^*,  approaches  a  fi.nite  limit  when  n  in- 
•creases  indefinitely,  and  find  that  limit. 

7.  If  a,  hf  e,  d,  &o.,  be  n  quantities  in  geometrical  progression ; 

ehew  ttiat     ,    ,  .    ,        ,   — - — ,  &c.,   are  also  in  geometrical  pro- 

gression,  and  find  their  sum. 

8.  Which  is  the  greater  sum,  -+-+ — +,  &c.,  adinfin.,  or 

4     8     16 

+x+-Tr+  &c-f  ad  infia. 
3     9^27  ' 

9.  The  first  term  of  an  infinite  geometrical  series  is  2",  whose 
•common  ratio  is  ^ ;  shew  that  the  sum  of  all  the  terms  after  the  nth 
term  is  2. 

10.  The  Bxnk  tenn  of  a  geometrical  series  continued  ad  h^wUum  is  1 ; 
and  any  term  is  equal  to  the  sum  of  all  the  succeeding  terms.  Be- 
<iuired  the  series. 

]1«  If «,  h,  e  be  the  jiTth,  jth,  and  rth  terms  of  a  geometrical  pro- 
'gresaioii ;  shew  that  tfl^.V^,^^^  «» 1. 

12.  If  P  be  the  product  and  8  the  imm  of  the  terms  of  a  geometrical 
series  of  n  terms,  and  S^  the  sum  of  their  reciprocals ;  shew  that 

"-{iV- 

18.  If  «,  the  aum  of  2n  terms  of  a  geometrioel  series  whose  first 
term  is  a  and  common  ratio  r,  be  equal  to  h  times  the  (n-|*l)th  term ; 
shew  that  ^««{a'+(r— 1)^}"*. 

14.  If  a,  hf  ^,  i  be  in  geometrical  progression ;  then  shall 

{a±h)\  (l±e)\  (c±(i>«, 
.be  also  in  geometrical  progression. 

XV. 

'  1.  If  «i^  «j,  i^  be  the  sums  of  three  geomeirioal  series,  having  their 
first  terms  in  geometrical  progression,  the  number  of  terms  and  the 
common  ratio  being  the  same  in  each ;  prove  that  9^^^ »  8^. 

2.  If  «|,  9j  denote  the  sums  to  be  terms  of  two  geometrical  series, 
having  a  for  their  first  terms,  the  same  in  each  series,  and  the  oommon 
ratio  of  one  the  reciprocal  of  that  of  the  other,  and  if  7  be  the  last 
term  of  the  first  series ;  then  asi »  b|. 
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.  3.  If  8^  denote  the  sum  of  a  geometrical  series,  of  which  a  is  the 
first  term,  r  the  common  ratio,  and  n  the  number  of  terms ; 

then^+^^«?+*-2r«^. 

4.  If  P  be  the  sum  of  a  series  formed  by  taking  the  first  and  every 
l^th  term  of  an  infinite  geometrical  series  whose  first  term  is  I,  and  the 
common  ratio  a  proper  fraction ;  Q  the  sum  of  the  series  formed  by 
taking  the  first  and  every  g^th  term ;  prove  that  P*(  Q— 1/  =  ^(P— 1)*. 

5.  If  «  be  the  sum  of  n  terms  of  the  series  a;+x'+^-|~  •  •  •  •>  tu^^  ^ 

be  the  sum  of  the  reciprocals  of  the  terms :  then »  -^ — . 

^  '  8+9'      3^+\ 

6.  If  «|,  «!,«,...  •  «»  denote  the  sums  of  n  geometrical  series  whose 
first  temiB  are  a,  2a,  3^,  .  • .  na  respectively,  n  the  number  of  terms 

and  r  the  common  ratio;  then  *i+«j+»8+  . .  .  +g,  =  ^  ""   .^""^  ^. 

r— 1         2 

7.  If  «i  represent  the  sum  of  an  infinite  geometrical  series  whose 
first  term  is  a  and  common  ratio  r,  «|  the  sum  of  the  squares  of  the 

terms,  «,  the  sum  of  the  cubes,  &c. ;  shew  that  --f-^-f--}-,  &c.y  inde- 

«i    *i    h 

finitely  continued  = ^ 


a— I       r 

8.  «„  «s»  «6  •  •  •  ^n-i  he  sums  of  n  geometrical  progressions  each  to  n 
terms,  and  whose  first  terms  are  respectively  a,  30,  Sa,  ,  .  (2^—  !)«, 

and  r  the  common  ratio ;  prove  that  «i+«»+«4+  .  .  .  «„_i»i__Z!_Z?^* 

r— 1 

9.  If  «|  denote  the  sum  of  an  infinite  geometrical  series,  of  which  a 
is  the  first  term  and  r  the  common  ratio ;  8^  the  sum  of  the  squares  of 
each  termi  «,  of  the  cubes,  and  so  on ; 

Then  shall  «i— #,+«»—  &c.,  =  -A.  .  ilL^. 

1— a    r+a 

10.  Between  each  pair  of  the  (n+1)  quantities  x,  y\  x^2y\  x,  4y; 

&c.,  are  inserted  n  geometrical  means,  and  if  mj,  m,,  »»„  &c.,  be  thenth 

means  respectively  of  each  pair ;  prove  that 


m^    nig    m^  (    2"  J 


X7I. 

1 .  When  unity  is  added  to  the  greatest  of  three  numbers  in  arith- 
metical progression,  they  are  in  geometrical  progression ;  shew  that 
the  least  term  is  equal  to  the  square  of  the  common  difference. 

2.  11  a,  h,  Cf  dhe  four  numbers  in  geometrical  progression ;  find 
what  number  added  to  each  of  them,  the  squares  of  the  sums  shall  be 
in  arithmetical  progression. 

3.  If  the  arithmetical  mean  between  a  and  h  be  double  of  the 
geometrical  mean ;  then  a  i  h  ::  2  + v^3  :  2-  >/3. 
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4.  Jfa,h,  e  be  in  geoxnetrioal  progression,  and  x,  y  be  the  aritli- 
metical  means  between  a,  h  and  h,  e  respectively ; 

proved- 1+1,  and2*=?+f. 
0    X    y  so    y 

5.  If  the  j9th,  ^tby  rth,  and  «th  terms  of  an  arithmetical  progression, 
be  also  in  geometrical  progression;  prove  that  p^q,  ^— ^^  r—8  are  in 
geometrical  progression. 

6.  If  three  quantities  are  in  an  increasing  arilhmetioal  progression ; 
shew  that  the  second  has  a  greater  ratio  to  the  first  than  the  third  has 
to  the  second. 

7.  (Kven  the  sums  of  the  even  and  the  odd  terms  of  a  geometrical 
progression  of  2n  terms ;  required  the  rth  arithmetical  mean  between 
thejpth  and  ^th  terms. 

8.  Determine  four  numbers  in  arithmetical  progression,  which 
being  increased  by  2,  4,  8,  and  15  respectively ;  the  sums  shall  be  in 
geometrical  progression. 

9.  Prove  that  the  arithmetical  mean  of  any  number  of  positive 
quantities  is  greater  than  the  geometrical  mean. 

10.  If  ^.,  ^«,  denote  the  nth  terms  of  two  geometrical  progressions 
whose  first  and  second  terms  are  respectively  0,  <i+3,  and  a,  a^h ; 
then  shaU  ^«x  f»  be  the  nth  term  of  a  geometrical  progression  whose 
first  and  second  terms  are  a',  a'— 5'. 

11.  If  a,  &,  tf  be  three  numbers,  and  x^  y,  %  other  three,  each  in 

geometrical  progression;  and  if-,  -,  -  be  in  arithmetical  progres- 

X    y    z 

sion;  thena+m^,  h+tny,  e+mz  shall  also  be  in  geometrical  progression, 

m  being  any  integral  number. 

xvn. 

1.  If  a,  5,  0  be  in  geometrical  progression,  and  «+«,  h+x,  c+x 
be  in  harmonica!  progression ;  find  the  value  of  x. 

2.  If  between  each  two  successive  terms  of  the  series  a,  ar,  ar^^  &c., 
consisting  of  n+1  terms,  a  harmonical  mean  be  found ;  find  the  sum  of 
the  n  means. 

3.  If  the  geometrical  mean  between  two  quantities  x  and  y  be  to 
the  harmonical  mean  as  1  to  n;  shew  that  ^  is  to  y  as  1  +  v'l— n* 
tol-vHT^. 

4.  If  between  two  numbers  there  be  inserted  two  arithmetical 
means  ^i,  a^  \  and  two  harmonical  means  h^y  h^ ;  and  if  a  harmonical 
mean  be  inserted  between  tfi  and  ««;  and  an  arithmetical  mean 
between  li  and  h^ ;  then  the  geometrical  mean  between  these  is  equal 
to  the  geometrical  mean  between  the  original  numbers. 

5.  If  the  arithmetical  means  between  the  pairs  of  quantities 
a,  ar ;  &,  y ;  <?,  8  be  in  arithmetical  progression,  the  geometrical  means  in 


^  i 
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rgeometrical  progression,  and  tih6  harmonioal  means  in  harmonieal  pro* 

gression ;  shew  that  by  \  — | t  r  =  2 J— a  —  e,  or  by  =  ac. 

{a     CO) 

6.  Three  quantities  a,  b,  e  are  (1)  in  arithmetical  progression,  (2) 
in  geometrical  progression,  (3)  in  harmonieal  progression;  find  the 

value  of  ^^  ^,  *  in  each  case.  , 

7.  If  a,  b,  e  be  in  arithmetical,  x,  jr,  %  in  harmonicali  and  aa,  bf,  a 

X      ^       A       C 

in  geometrical  progression ;  then  shall  -+-  ^  -+-  • 

y    X     c    u 

8.  If  -,  %t  ^  be  in  arithmetical  progressioui  ax^  3y,  ez  in  geome- 

a     0    c 

fl?        12         Jt 

trical  progression,  and  _,  .  ,   .    in  harmonieal  progression  \  ytoye 

y%    x%    xy 

that  J*(<J»— fl«)«+4««<j*(a«— 6(?)((?«— a3)  =  0. 

9.  If  y  be  the  harmonieal  mean  between  x  and  s,  and  x  and  %  be 
respectiyely  the  arithmetical  and  geometrical  means  between  a  and  b ; 

^  *- '  -  KlHST- 

10.  'Ha^  =  b'  =  <f,  and  if  0,  9,  0  be  in  geometrical  progression,  then 
shall  2r,  ^, ;;;  be  in  harmonieal  progression. 

xvin. 

1.  Prove  tb^t  a  geometrical  mean  between  two  quantities  is  a  mean 
proportional  between  an  arithmetical  and  a  harmonieal  mean  between 
the  same  two  quantities,  and  shew  of  these  three  mean  terms  which  is 
the  greatest. 

2.  If  to  three  quantities  in  arithmetical  progression  a  fourth  pro- 
portional be  found,  the  three  last  terms  of  this  proportion  will  be 
in  harmonieal  progression. 

3.  Prove  <v>s-*-#A  U3  positive,  sero,  or  aegativey  according  as 
^it  ^it  ^y  ^i  Ave  in  arithmetical,  geometrical,  or  harmonieal  progression. 

4.  If  a,  ^,  0  are  in  arithmetical  progression,  and  b^  r,  d  are  in  har- 
monieal progresaioa ;  shew  that  a,  b,  e,  d  aro  in  geometiioal  pro- 
gression. 

6.  If  o^  5,  tf  be  in  arithmetical  progression,  b,  e,  d  in  geometrical 
progression,  and  ^,  d,  e  in  harmonieal  progression ;  prove  that  a,  e,  e 
are  in  geometrical  progression. 

6.  If  a,  ^,  e  be  three  quantities  such  that  a  is  the  arithmetical 
mean  between  b  and  e,  c  the  harmonieal  mean  between  a  and  b ;  prove 
^st  b  is  the  geometrical  mean  between  a  and  e. 

7.  There  are  three  numbers  in  harmonieal  progression.  If  unity 
%e  subtracted  from  the  first,  the  progression  becomes  geometrical; 
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T)ut  if  4  be  subtracted  from  tbe  third,  it  becomes  arithmetical ;  what 
are  the  numbers  ? 

8.  If  a  be  the  difference  between  the  arithmetical  and  geometrical 
means  between  two  quantities;  and  h  the  difference  between  the' 
arithmetical  and  harmonical  means;  find  the  values  of  the  two 
quantities. 

9.  If  three  numbers  be  in  arithmetical  progression,  the  products  of 
ihe  first  and  second,  first  and  third,  second  and  third,  are  in  harmonical 
progression. 

10.  If  a,  3,  cbe  in  geometrical  progression ;  then  shall  a+J,  23,  3+^ 
be  in  harmonical  progression. 

11.  If  a,  *,  <?  be  in  harmonical  progression;  then  a— i*,  iJ,  <?-j6 
lire  in  geometrical  progression. 

12.  If  ^  and  y  be  the  arithmetical  and  harmonical  mean  respectively 

letween  a  and  h  \  then  -  and  -  will  be   respectively  the  harmonical 


V 


1  ._^  1 


■and  arithmetical  mean  between  A  and  -. 

a         h 

13.  The  difference   of  the  arithmetical    and  geometrical  means 

l)etween  two  numbers  is  13,  and  the  difference  between  the  geometrical 

And  harmonical  means  is  12 ;  what  are  the  two  numbers  ? 

XTX. 

1.  'l<lnd  the  amount  of  an  annuity  of  £140  payable  quarterly  for 
Ihree  years,  compound  interest  being  allowed  at  5  per  cent. 

2.  If  £600  be  lent  without  interest,  and  to  be  repaid  by  a  bond 
-for  £800  in  3  years ;  what  interest  did  lender  in  fact  take  if  compound 
interest  be  allowed  ? 

3.  What  annuity  can  be  purchased  for  £1,000  to  continue  20  years, 
allowing  (!)  3  per  cent.,  (2)  5  per  cent.,  at  compound  interest? 

4.  A  person  has  a  capital  of  £2,000,  which  produces  him  interest 
at  5  per  cent. ;  if  he  spend  every  year  £180,  find  in  how  many  years 
he  will  be  ruined,  having  given 

log.  2  « -30103,  log.  3 -•47712,  log.  7  =  -84510. 

5.  A  person  borrows  £300  to  be  paid  back  by  equal  instalments 
:in  30  years,  and  pays  interest  each  year  at  4  per  cent,  on  the  portion 
not  paid  back ;  find  the  whole  amount  of  interest  he  pays. 

6.  A  person  places  £10,000  in  the  funds  at  5  per  cent. ;  the  first 
year  he  spends  the  whole  interest ;  the  second,  third,  &c.,  years  he 
spends  twice,  three  times,  &c.,  the  same  interest ;  how  long  will  his 
property  last  ? 

7.  A  sum  of  £1,000  is  lent  to  be  repaid  with  interest  at  4  per  cent. 
per  annum  by  annual  instalments,  beginning  with  £40  at  the  end  of 
the  first  year,  and  increasing  30  per  cent,  each  year  on  the  last  pro- 
ceeding instalment ;  how  soon  will  the  debt  be  paid  off  1 
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log.  2  = -3010300,  log.  3  =  -47712. 

8.  If  a  national  debt  of  a  thousand  millions  of  x>ounds  has  a  tenth 
part  of  its  existing  amount  paid  off  every  year ;  in  how  many  years 
Trill  it  be  reduced  to  less  than  half  of  its  original  amount,  supposing 
money  bear  interest  at  3  per  cent.  ? 

9.  If  an  estate  be  sold  for  £5,000,  which  produces  a  clear  rental  of 
£200  a  year;  at  what  rate  was  the  interest  of  money  reckoned  ? 

10.  IVeehold  estates  are  usually  valued  at  so  many  years'  purchase, 
that  is,  at  so  many  years'  rent ;  iind  how  many  years'  purchase  must 
be  given  for  an  estate,  (1)  when  money  bears  interest  at  3^  per  cent., 
(2)  at  4  per  cent.,  (3)  at  5  per  cent. 

11.  If  a  person  purchase  the  reversion  of  an  estate  after  20  years 
for  £500 ;  what  rent  ought  it  to  produce  that  he  may  make  6  per  cent, 
of  his  money  ? 

12.  Find  what  sum  would  be  required  to  purchase  a  government 
annuity  of  £20,  to  continue  15  years,  when  the  price  of  the  3  percent, 
consols  is  such  as  to  yield  an  interest  of  £3  5s.  per  cent.,  both  the 
interest  and  the  anntiity  being  payable  half-yearly  ? 

log.  1-01625  -  -0070006,  log.  6-16571 « -789983. 

XX. 

1.  A  person  owes  P  pounds,  on  which  he  pays  interest  yearly.  The 
principal  is  to  be  repaid  by  fixed  annual  payments  in  n  years ;  what 
annual  payment  must  be  made  at  the  same  rate  of  interest  so  as  to  be 
just  able  to  pay  the  interest  annually  and  the  principal  when  it 
becomes  due  ? 

2.  If  there  be  n  annuities  of  1,  2,  9  ....  n  pounds  respectively 
left  unpaid  for  n  years  ;  shew  that  their  amount  at  simple  interest  will  be 

^  ^  ^+^ — ~r"^ —  >  **  being  the  interest  of  one  pound  for  one  year. 

3.  If  an  annuity  be  payable  for  2n  years,  r  the  interest  of  one 
pound  for  one  year,  P  and  Q  the  present  values  of  the  annuity  for  the 
first  and  last  halves  of  the  time  respectively;  shew  that  P=  Q{l+r)\ 

4.  A  person  left  a  pounds  to  purchase  three  annuities,  each  of  the 
same  yearly  value,  but  to  continue  for  m,  n,  p  years  respectively ; 
determine  what  portions  of  the  sum  must  be  apportioned  for  the  three 
several  annuities,  compound  interest  bein  g  allowed. 

5.  If  a  debt  of  a  pounds  increasing  at  compound  interest  be  dis- 
charged in  n  years  by  annual  payments  of  -  pounds, 

then(l+r)"(l-»ir)  =  l. 

6.  The  present  value  of  an  annuity,  to  continue  for  a  term  of 
years  at  a  given  rate  at  compound  interest,  is  equal  to  m  times  the 
present  value  of  the  same  annuity  to  be  paid  only  during  the  latter 
half  of  the  same  term ;  find  when  the  annuity  will  cease. 
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7.  Find  the  present  worth  of  A,  2A,  SA,  .  .  .  nA  pounds  due  at 
the  end  of  1,  2,  3  ...  n  years  respectively  from  the  present  time,  and 
find  the  value  when  n  is  indefinitely  great,  compound  interest  being 
allowed. 

8.  If  Px  represent  tne  sum  of  the  present  values  of  n  annuities,  to 
commence  at  the  expiration  of  2,  4,  6,  ftc,  years  respectively,  and  to 
continue  in  perpetuity ;  and  P^  the  sum  of  n  others,  to  commence  at 
the  expiration  of  1,  3,  5,  Ac,  years,  and  to  continue  in  perpetuity; 
shew  that  Ps»(l+r)P„  where  r  is  the  interest  of  one  poimd  for  one 
year,  compound  interest  being  allowed. 

9.  Shew  that  the  sum  of  the  present  values  of  n  separate  annuities 
is  equal  to  the  present  value  of  the  amount  of  the  annuities  when  cal- 
culated at  compound  interest,  but  is  not  equal  when  simple  interest  is 
allowed. 

10.  If  P  be  the  present  value  of  an  annuity,  to  continue  for  jp  years, 
and  P+  Q  for  2p  years ;  shew  that  the  annuity  is  equal  to 

11.  A  person  spends  a  certain  part  of  his  income  every  year,  and 
adds  the  remainder  to  his  principal ;  shew  that  his  expenditure  in- 
creases in  geometrical  progression,  and  find  his  comparative  income 
at  the  end  of  the  nth  year. 

12.  If  a  man  spends  p  ponnds  a  year  more  than  his  income,  of 
which  the  deficit  is  taken  from  his  capital,  which  was  originally  P 
pounds,  bearing  interest  payable  yearly ;  find  in  what  time  he  will 
become  penniless. 

13.  A  freehold  estate  of  A  poxmds  a  year  is  left  for  the  equal  benefit 
of  two  charitable  institutions;  how  many  years  must  one  of  them 
hold  it  before  the  other  resumes  it  to  possess  it  in  perpietuity,  sup- 
posiug  compound  interest  be  allowed  ? 


1.  There  are  two  numbers  in  the  proportion  of  ^  to  f ;  which  being 
increased  respectively  by  6  and  5,  are  in  the  proportion  of  f  to  ^. 
Bequired  the  numbers. 

2.  Two  numbers  are  in  the  ratio  of  4  to  5 ;  if  one  be  increased 
and  the  other  diminished  by  10,  the  ratio  of  the  resulting  numbers  is 
inverted ;  find  the  numbers. 

3.  There  are  two  numbers  such  that  if  unity  be  added  to  the  first 
and  5  to  the  second,  the  results  are  in  proportion  as  4  to  5 ;  but  if  19 
be  subtracted  from  the  first  and  15  from  the  second,  they  shall  be  as 
19  to  24  ;  find  the  two  numbers. 

4.  Three  numbers  are  in  continued  proportion,  the  sum  of  the 
least  and  greatest  is  51,  and  the  sum  of  the  two  greater  ones  is 
60 ;  required  the  numbers. 

5.  There  are  three  numbers  in  geometrical  progression,  whose  sum 
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is  14 ;  and  tlie  snm  of  the  first  and  second  is  to  the  sum  of  the  second 
and  third  as  1  to  2 ;  required  the  numbers. 

6.  There  are  four  numbers  proportional,  of  which  the  third  is  the 
product  of  the  first  and  second,  while  the  fourth  is  the  sum  of  the 
second  and  third,  and  the  product  of  the  first  and  third  is  equal  to  the 
sum  of  the  second  and  fourth ;  required  the  numbers. 

7.  Given  the  sum  of  three  quantities  in  geometrical  progression, 
and  the  sum  of  their  reciprocals,  to  find  the  quantities  themselves. 

8.  Divide  111  into  three  parts  so  that  the  products  of  each  pair 
may  be  as  4  :  5  :  6. 

xxir. 

1.  The  sum  of  four  numbers  in  arithmetical  progression  is  56,  and 
the  sum  of  their  squares  is  864 ;  what  are  the  numbers  ? 

2.  The  sum  of  seven  numbers  in  arithmetical  progression  is  28, 
and  the  sum  of  their  cubes  is  784 ;  find  the  numbiars. 

3.  There  are  four  numbers  in  arithmetical  progression,  the  sum  of 
the  squares  of  the  first  and  second  is  34,  and  the  sum  of  the  squares 
of  the  third  and  fourth  is  130 ;  find  the  four  numbers. 

4.  The  sum  of  three  numbers  in  harmonical  progression  is  11,  and 
the  sum  of  their  squares  is  49 ;  what  are  the  numbers  ? 

5.  If  the  product  of  three  numbers  in  harmonical  progression  be 
576 ;  what  are  the  numbers  if  their  sum  be  26  ? 

6.  The  sum  of  three  numbers  in  harmonical  progression  is  191, 
and  the  product  of  the  first  and  third  is  4032  ;  find  the  numbers. 

7.  From  each  of  three  numbers  in  harmonical  progression ;  what 
number  must  be  subtracted  that  the  three  differences  may  be  in 
geometrical  progression  ? 

8.  Four  numbers  are  in  harmonical  progression,  the  first  and 
fourth  are  6  and  10  respectively ;  find  the  equation  which  connects  the 
second  and  third. . 

9.  Determine  the  arithmetical  progression  when  the  number  of 
terms  is  11,  the  sum  of  the  terms  220,  and  the  sum  of  their  cubes 
147400. 

XXIII. 
Find  the  sums  of  the  following  series : — 

1.  P+8'+5»+ +n».       2.  l»+3»+5»+ +«». 

3.  l*+3*+5*+ +n*.       4.  p-3'+5»~7'+ ±n\ 

5.  1»— 3»+5»— 7»+ ±n\      6.  1*— 3*+5*— 7*+ ±n*. 

7.  1.2'+2.3»+3.4«+ +«(«+l)«. 

8.  1.3»+3.5»+5.7«+ +(2«— l).(2n+l)«. 

9.  1.2»+2.3«+3.4»+ n.(n+l)«. 

XXIV. 

Verify  the  truth  of  the  sums  to  n  terms  of  each  of  the  following 
^ries: — 


*J 
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1.  2+6+14+80  +  62+ +(2-— 2)-2"+»— 2(w+2). 

2.  4+10+28+82+ +(3"+l)  =  J{3"+»+2n— 3}. 

3.  8+6+11+20+ +(2-+n)=ii{2"+*+»»+»— 4}. 

4.  1+3  +  7+15+ +(2-— 1);=2"— (n+l). 

5.  1+6+13  +  29+ +(2-+i— 3)«2"+»— 3W-.4. 

6.  1+6+23+76+237+ +{3"-.(»+l)} 

-^M3"^'-(»+l)(«-2)+l}. 

7.  1+11+111+1111+ +i(10*-l)«iMlO"-l}-o- 

8.  7+77+777+7777+ +i(l0*— l)  =  i${10-— 1}— 'J. 

XXY. 

1.  1 +-+-+---+__  ....  to  »  terms. 

^      4       o       16 

o      3,7    ,11   .16  .       . 

^-  io+i^+To»+ Id*  ••••**"  *^"^- 

8.  l+?+|+i.+  ....adinfiii. 

4-   T7;>+;77:+-r:r+-r+  •  -  •  •  ad  infin. 
10     20     40     80 

5.   T+Ti +75+11+  ....  to  n  terms. 
4    4'     4"     4* 

.  6.  1  +ai?+ar«+4«»+  ....  to  »  terms. 

7.  l+3ar+5«*+7ic'+  ....  to  n  terms. 

8.  l+4aj+9«»+l&B»+ ad  infin. 

9.  l+8«+27«»+64«»+ ad  infin. 

10.  2+6«+12a^+20a;*+ ad  infin. 

11.  l+16«+81«»+256a:»+ ad  infin. 

12.  l  +  32a?+24&c«+1024^+  .  .  .  .  ad  infin. 

13.  1+?^+?^!+^+ ad  infin. 

14.  (a?+a?-^)+2(«*+ar»)+3(«»+ar»)+ to  n  terms. 

XXVI. 

1.  Eind  the  sum  of  the  squares  and  the  sum  of  the  cubes  of  the 
first  n  natural  numbers  without  assuming  anj  general  formidae. 

2.  If  n  be  an  even  number,  shew  that 

„+2(„_i)+3(„_2)+ ....  +3(|+i)=i.!5(!L!^J±^. 

3.  HaTing  giyen  the  expression  for  the  sum  of  the  squares  of  the 
first  n  natural  numbers ;  shew  from  the  expanded  form  of 

(1+2+3+  ...  +n)\ 
that  the  sum  of  the  products  of  the  first  n  numbers  taken  two  and  two 
together  is  ^\n(n^—  1  )(3n+  2). 

4.  Between  each  two  consecutive  terms  of  a  series,  consisting  of 
the  squares  of  a  series  of  numbers  in  arithmetical  progression,  a 
geometrical  mean  is  inserted;  shew  that  each  term  in  the  original 
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series  is  an  arithmetical  mean  between  the  inserted  terms  adjacent  to 
it,  and  find  the  sum  of  n  terms  of  the  series. 

5.  What  is  the  general  form  of  triangonali  what  of  pentagonal 
numbers  ?  Shew  that  there  is  one  and  only  one  case  in  which  the  same 
number  can  be  both  triagonal  and  pentagonal. 

6.  Write  the  first  five  and  the  nth  of  the  series  of  triagonal 
numbers,  and  find  an  expression  for  the  sum ;  and  shew  that  the  sum 
of  any  two  consecutive  triagonal  numbers  is  a  square  number. 

7.  If  any  triagonal  number  be  multiplied  by  8  and  the  product 
increased  by  unity ;  the  result  is  a  square  number. 

8.  Shew  that  the  sum  of  the  series  l'+3*+^'+  ...  n'  is  an 
hexagonal  number. 

xxvn. 

1.  Find  an  expression  for  the  number  of  balls  in  a  pyramidal  pile, 
(1)  when  the  base  of  the  pile  is  an  equilateral  triangle  having  n  balls 
in  each  side,  (2)  when  the  base  is  a  square  with  n  balls  in  each  side, 
(3)  when  the  base  is  a  rectangular  parallelogram  having  m  balls  in  its 
length  and  n  in  its  breadth. 

2.  What  is  the  difference  of  the  number  of  balls  in  a  square  pile 
and  in  a  triangular  pile,  each  consisting  of  20  courses  ? 

3.  Apply  the  formula  to  find  the  number  of  balls  in  a  rectangular 
pile  which  contains  1 6  in  length  and  7  in  breadth ;  and  verify  the 
correctness  by  finding  the  sum  of  the  successive  courses  of  the  pile. 

4.  What  is  the  number  of  balls  in  a  reotang^ular  pile  of  which  the 
length  of  the  lowest  course  is  double  the  breadth  ? 

5.  There  is  a  pile  of  iron  shot,  each  six  inches  in  diameter,  on  a 
square  base.  Had  there  been  one  shot  less  in  the  side  of  the  square, 
the  weight  of  the  pile  would  have  been  less  than  before  in  the  ratio 
of  55  to  91 ;  find  the  number  of  shot  in  the  base  of  the  pile ;  and  it 
being  given  that  a  ball  of  iron  one  foot  in  radius  weighs  2048 
pounds,  and  that  the  volumes  of  spheres  vary  as  the  cubes  of  their 
radii ;  find  the  weight  of  the  shot  in  the  pUe. 

xxYm. 

1.  If  «„  n,,  0y,  ^4 .  .  .  .  a,  be  a  series  of  quantities,  such  that 
a\  »  tf^a*,,  o^s  =  a^^^  a?^ »  a^\,  &c. ;  determine  a^  in  terms  of  0^  and  a,. 

2.  In  the  series  ai+«i+«»+  ....  +a.+tfM-i+  ....  the  (n+l)th 
term  is  derived  from  the  preceding  terms  by  the  formula 

a.^,-^OL!±),.   shew  that  a.-l^irifi 
^'      2»— tf»  4—3^4 

3.  If  n  become  1  +>-,  where  n  is  a  positive  integer;  prove  that  the 

sum  of  the  terms  1  +2n + 3ii' + ,  &o.,  indefinitely  continued,  is  equal  to  »*. 

4.  If  any  three  consecutive  terms  be  taken  of  the  series 

l»+2»+3»+4»+ 

the  sum  of   the  first  and  third  is  always  less  than  double  of  the 
second  term. 
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5.  Verify  the  correctness  of  the  reversion  of  the  series, 

(1)  If  «=y-?!+2.'-2*,  &c.; 

then  v  =  ar+— — L,  4-.       ,  &Q* 

^       ^1.2^1.2.3^1.2,3.4' 

(2)  Ka:  =  y+2y»+3y*+4y*+&c.: 

then  y  =  a: — 2^:*  +  5a^— 1 4;c*+&o. 

6.  Shew  that  (l+x)(l+x^){l+a^)+  ....  to  n  factors  =i^ — --. 

7.  Find  the  sum  of  (j?— l)+3(j?— 2)  +  5(a;— 3)+  ....  to  n  terms. 

8.  Determine  the  limits  of  the  ratios  of  the  following  series  when 
the  number  of  terms  is  indefinitely  continued : — 

m  ^+2^+3^+^+ /ox  lSx'+5x*—7sfi+ 

'^  ^  1— 24r+3ar''— 4a;»+ *        ^  ^  z^2j^+3r'—^+ ' 

9.  If  »« 1+1+1+1+ ad  infin. 

2"     3»     4' 

and  »'=.  1—1+1— 1+ ad  infin. ; 

2"    3"    4* 

ahew  that  *:«'::  2—* :  (2— *— 1). 

10.  Given  a^+(d?+l)»+(a?+2)»+ to  8  terms  =  380  ;  find  x. 

11.  If  ^V?^+?^±^+ .  .  •  .  to :.  terms -f(?i+lZ;  find  .. 

«+l  ^a?+2^a?+3  9 

xxrx. 

1 .  Shew  that  double  the  discount  of  any  sum  of  money  is  a  har* 
monical  mean  between  the  sum  itself  and  the  interest  upon  it  for  the 
same  time. 

2.  Compare  the  sides  of  a  right  angled  triangle,  when  the 
squares  described  on  the  three  sides  are  in  harmonical  progression. 

3.  On  the  perpendicular  of  an  equilateral  triangle  another  equi- 
latisral  triangle  is  described,  and  on  the  perpendicular  of  this,  another, 
and  so  on  continually;  find  the  sum  of  the  areas  of  all  the  triangles. 

4.  The  sum  of  £100  is  to  be  divided  among  four  persons  so  that 
the  shares  shall  be  in  geometrical  progression,  and  the  difference 
between  the  extremes  shall  be  to  the  difference  between  the  means  as 
37  to  12. 

5.  If  Si,  «|, «,  denote  the  sums  of  n  terms  of  each  of  three  arithmetical 
series  whose  first  terms  are  unity,  and  their  common  differences  in 

harmonical  progression ;  prove  that  n  =    i**'*^*!'**"^*!'** . 

6.  If  a  mixture  be  made  of  two  substances,  first  in  equal  volumes 
and  next  in  equal  weights,  the  specific  gravities  of  the  mixtures  may 
be  found,  and  they  will  be  in  the  first  case  an  arithmetical  mean,  in  the 
second  a  harmonica!  mean  between  the  specific  gravities  of  the  simple 
substances. 


BESULTS,  HINTS,  ETC.,  FOB  THE  EXEECI8E8  ON 
AEITHMETICAL,  HABMONIOAL,  AND  GEOMETBIGAL 
PBOGBESSION. 

L 

1.  *K*+l).  2.  »•.  8.  n(«+l).  4.  420.  6.  6680. 
1«2 

6.  89700.  7.  1099000.  8.  8726.  9.  -200. 

10.  -1874;  11.  200.  12.  4752. 

18.  1-8  +  6-7+  .  ..  to46tenii8  =(1+6  +  9+  ...  to  28  terms) 

— (3+7+11  +  . . .  to  22  terms). 

1 -8  +  6 -7+9-...  to  2»  terms  =(1  +  6  +  9+  tonterms) 

-(8+7  +  11+.  ..tonterms). 

14.  1-8+16-22+..  .to  60  terms  =(1  +  16+29+.  ..to  26  terms) 

-(8  +  22+80+ .  .  .to 26 terms). 

1-8  +  15-22+  ...  to  (2n+l)  terms  =(1  +  15  +  29+  ...  to  (n+1)  terms) 

-(8  +  22  +  86+.  .  .tonterms). 

II. 

1.  46.     2.  -2484.     8.  280J.     4.   -  606f  §  and  ^3?Ll^). 
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6.   -2426  and '^^^Z^    6.  442.    7.  841|.     8.  -»a. 

9.  4n{a«-(4»-8)an+«n.    10.  J(n-l)aad  -1.    11.  :i^. 
I  >  n  — 1 

12.  (2»+l).j?L±|+!i(2a-86))        13^505      14.  <!Lt2h 
ia-b        a+6     J  2» 

III. 

1.  Since  there  are  8  means,  there  are  6  terms  in  the  series. 

Let  2=com.  diff.    Then  *012+a^  -012+2;i;,  '012 +  8x,  denote  the  means, 
and  '012  +  4^=the  fifth  term  =  182,  .'.  42= '12  and  2=  03. 
Hence  '012 +«= '012 +-08= -042,  •012  +  2aj='012+*068='072, 

•012  +  8!B= -012  + -09= -102 
.*.  '042,  '072,  '102,  are  the  three  arithmetical  means  between  '012  and  '182. 

2.  The  nine  means  are  19,  29,  89,  49,  69,  69,  79,  89,  99. 

Q    Ti,- «--«-  — ^0«  +  *    9a  +  26    80  +  86    7a  +  46    6a  +  56    6rt+6ft    4a+7h 
o»  1  ne  means  are  »  . ,   . .   ■  •  .  .  .1  .  . 

11    '       11    •       11    '       11     '      11     '      11     •      11     ^ 

8rt  +  86    2a +96    a +  106 

II    '    11    •     n    • 

4.  The  number  of  means  is  9,  and  the  common  difference  is  2. 
6.  The  number  of  means  is  8,  and  the  common  difference  is  2. 

IV. 

1.  Let  a  denote  the  first  term,  d  the  common  difference,  and  n  the  number  of 
terms  of  the  series.    Also  let  T^  denote  the  nth  term. 

The  |;th  term  reckoned  from  the  last  term  of  the  series  will  be  the  (n— 2'+l)th 
term  redconed  from  the  first. 
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Then  2V=a+(i>-lK  2V-,i+i=a  +  (»-i>K  Tn=a+n-ld     \ 

.-.  T,+  Tf^+i=2a+(n-l)d,  and  r,  + r«=2a  +  (n-l)d. 
Also  Tp-\-Tp+i=a+(p-l)d+a  +  {p'\^l)d=2(a+pd)=^2T^i. 
3.  Let  x  the  first    term,   y  the  common  difference;    then   x+6y=l5,    and 
x+9j/=21,  from  whicli  the  first  term  and  common  difference  can  be  fonnd. 
7.  85+l=(2»+l)».    8.  See  Art.  4,  pp.  S— 6. 
10.  x=5  v^d  - 10  :  y=7  and  4.    See  Art.  4,  p.  4. 
12.  Let  X  be  the  number  of  terms  of  the  series,  then  x^  =  123454821:  find  x. 

I  .  >  . 

k  >  •  t 

V. 

'       1 .  Let  X  denote  the  first  term,  y  the  common  difference,  and  z  the  number  of 
terms ; 
then  x-\-{m-  l)y=a,  as + (n  -  l)y=ft,  x-\-{z—  l)y=a + 6  :  find  x,  y,  ». 

2.  Here  T«+,=a+(m  +  n-l)rf,    3;,_«=a  +  (m— «- l)rf, 

.*.  T«+«+  r«_»=2a  +  2(w  -  l)(f==2{a+(m-  l)d}=2T„ 

Hence  r,=4{  r,+«  +  r«_n}, 

or  the  mth  term  is  equal  to  half  the  sum  of  the  (m+7i)th  and  {m  -  n)th.  terms* 

3.  Let  X  denote  the  first  term,  y  the  common  difference, 

thena;+(n-l)y=-(8»-l)  and  -{2a;+(n-l)y)  =^(3»n-l). 

Whence  x=^  and  y=i. 

4.  Let    x    denote    the    first    term    and    y    the    common    difference,    then 


n 


<y,=-/2a;  +  (»-  l)yj,  which  is  an  identical  expression  with  n{a—b)*  -{-n^abf  so  that 
w{a:-^)+^=n(a-fc)»+n'a6.     .-J^ab,  andaj-'^=(a-6)« 

Am  JL  m 

,'.  y=2ab  and  a;^a»- aft +  6*. 
6.  Let  I'm  <i&d  Tn  denote  the  general  terms  of  the  respective  series, 
then  r«=2  +  (m-l)3=3wi'-l,    r,=3  +  (7n- 1)4=4to-1,  .\  Tn-T„=in-3m. 
now  4n^dm=o,  when  identical  terms  occur  in  the  two  series,  and  ,',  4n~Zm, 

*  *  w"4~8~12"16~20~  ^ 
Hence  the  4th,  8th,  12th,  16th,  &c.,  terms  in  the  first  series  arc  respectively 
identical  to  the  3rd,  6th,  9th,  12th,  &c.,  terms  in  the  second. 

8.  afl/-ab={a-h(j)'l)d}'{a+(n-p)d}-a{a-\-{n-l)d}=(p-l){n--p)d^. 

9.  Here  7^' +r.-={a+(n-l)(i}« -a*=2(n-l)a^  +  (w-l)«d» 

=  (to-  l)d{2a  +  (n  -^)d}^2^n 
2(»-l)dTOf         ,       ,_^     2(n-~l)d8 

10.  In  the  first  group,  the  common  difference  being  unity,  the  first  term  of  the 
«th  group  is  J(n*  -  n  +  2),  and  the  sum  is  i(n*  +  n). 

In  the  second  group,  the  common  difference  is  2,  and  the  first  term  of  the  nth 
group  is  n^  -n+ 1,  and  the  sum  is  n^.  . 

11.  Let  a  be  the  first  term,  and  a^,  «,,  «„  &c.,  be  the  sums  of  the  sets  of  the  p 
terms ; 

2  2 ,  2 

and 5j - s^  —p{p - \)dj  8^^8^^p(p - l)rf,  &c. 

12.  Let  a  denote  the  first 'term, '(2 'the  'common  difference,  and  «,,  s.^,  s,,  &c., 
the  soma  of  the  snccessive  groups  of  n  terms  each. 
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•  \8^-8j^=^n'*d,  «,  — 5a=»*rf,  &c. 

VI. 

1.  Herea-ft=6-c,  anda+c=2ft,'alflo  a— c==26-2c=2(6-c) 

,-.(a-c)«=4(6-c)«=2(6-c)«+2{6-c)«=2(6-c)»+2(a-6)»=2{(6-)«  +  (a-ft)«}. 
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2.  Here  - — a = ,  then  multiplying  these  equals  by  (a+6)(6  +  c)(a+c) 

h+c    a+b    a+c 
there  results  (6+c)(a  +  c)  +  (a+6)(a+c)=2(a+6)(&+c),  whence  a^+c^=2b^. 

5,  Note.  The  expression  {m-n)c+(j)-m)b-{-(m-p)a='0  can  be  arranged  in 
the  form  {c-bym+{a~c)n+{b—a)p=o,  which  indicates  also  an  arithmetical  pro- 
gression in  which  m,  n,  p  axe  respectively  the  atb,  6thy  and  cth  terms ;  and  that 
the  two  series  have  their  common  differences,  one  the  reciprocal  of  the  other. 

6.  KeTQ  a-b=b-c=c-d;  ::  a  +  c=2&,  6  +  d=2c,  a+(i=6  +  c 

and(a  +  c)«  +  (6+rf)*=4ft«  +  4<j«. 

or  a«  +  6*  +  c*  +  d*  +  2a<; + 2W=  46«  +  4c* 

adding  iac-bibd  to  these  equals 

*•.  a«  +  6»+c«+d«  +  6(ac  +  2«Q=4(6«+c*  +  ac  +  W): 

but  since  6+rf=2c,  . '.  6*  +  W=26c 

anda+c=26  .\ac+c^=2be 

.-.  6«  +  W+ac+c«=46c 

also  ibc={b-\-d){a+c)=ab+ad+be+ed. 

Hence  ,\  a^+b^-^c*+d^+6{ac+bd)^i{db+ad+bc+ed). 

VII. 

1.  Here  «i  +»,=-(«  + 1)  +-(8n-l)=2»»=2ffa. 

2.  If  a  denote  Hie  first  term,  and  dthe  common  difference, 
t^en5,=^{2a+(»-l)d},  s^=^{2a+{2n^l)d},   5,=^^{2a+(3»-l)rf} 

and5,-5i=^{2a+(3»-l)d}=i.~(2a+(3»-l)d}=^.*, 

3.  If  a  denote  the  first  term, 

then5iH^+*^,=^{2a+(»+3)6}+^{2a+(w+l)6} 

2  2 

=2(»+8)a+(»*  +  5w+7)ft 
and  2««+8=?^{2a  +  (»+2)6}=(n  +  8)a+(»«  +  6»+6)6,  .•.*m-4+»«+i-2*«+»«». 

4.  Here  |*f2a+(n-l)6}=«a+^^i^ 

iLzl{2<.+(n  -  2)J}  =(»  -  l)a+ (!i::lM6^ 

'i^{2«+(n-4)J}=(»-8)o+<!Lr!^i)?, 

Then  the  sum  of  n+(n- !)  +  (»- 2)+. . .  to  n  terms  =J(»+1)«, 
Next  to  find  the  sum  of  »(» -!)+(«- lX»-2)  +  (»-2)(»-3)+&c.,  to  (n-1)  term*, 
or  of  1.2+2.34-3.4+  ...  (»-2)(» -!)+(»— l)i»,  leTendng  the  ordat. 
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Since  1.2.3  +  2.3.4  +  8.4.6+  . . .    (»-2)(n-l)n+(ii-l)»(»+l)>  ^^ 
-1.2.8-2.8.4-  ...-(n-2)(n-l)n-(»-l)»(»+l))       ' 

orl.2.8  +  2.8.(4-l)+8.4(5^2)+...  +(»-l)n{(«+l)-(»-2)}=(»-l)»(«  +  l> 

or  1.2. 3  +  2. 8. 8. +8.4.8+..  .  +(n-l)».8=(»-l)»{n+l), 

.-.1.2  +  2.8  +  8.4+ .. .  +(n-l)w=i(»-l)n(»+l). 

Hence  tlie  snm  of  the  results  =i{n+l)na  +  ^{n-  l)n(n+  l)6=in(n+  l){a+^(n  -  l)b\, 
9.  *a+»4+*g+..+«,,=^{2na+(«-l)»(n+l)M, 

•ndf, +*,+*„+  .  .«»»-i=^{2wa+n^.n«6}. 

VIII. 
1.  78  strokes.    2.  x=Q,  y=i,  z=%  the  number  is  642. 

8.  By  aid  of  Euc  I.  82,  cor.  1,  the  equation  -(235+ 6a;) +  860= 180a;. 

from  which  a;=6  and  —1,  and  the  figure  has  six  sides. 
4.  Last  payment  £6  lOt.    Amount  of  debt  £838. 
6.  6  nules  1800  yards. 

6.  Suppose  A  trayels  x  hours,  then  ^^ijl'=16(a!  ~  8),  whence  a;*=16  and  6  houi8» 

also  B  trayels  12  and  8  hours.    Explain  these  results. 

7.  Let  a;  be  the  number  of  days,  then  ^^^"^"^  +  20a;=23661.    Find  yalnes  of  x, 

■'  2 

8.  l6^ 

IX. 

1.  The  three  hannonical  means  are  ,,  ^i  and  ^      , . 

a+86    2a+26  8a+& 

2.  The  four  means  are  7-^,  8|,  II4,  and  16{. 

8.  The  six  means  are  1^,  l\\.  If),  2^,  8^,  6^. 

4.  Shew  that  a;,  8,  4  are  in  harmonical  progression,  also  that  4,  6,  jf  are  in  har- 
monical  progression. 

6.  Shew  that  the  ratio  <rf  f  (^+l)a^,(»+l)^]to(a-6)ia  less  than  the  ratio 

of  n-1  ton+1. 

7.  See  Art  7,  p.  7,  and  shew  that  the  ratio  of  ^*^^'^^)^  to  ^^^'*'^)^*  is  equal 

a+«Z  na-^l 

to  the  ratio  of  (!L±i>lLa  to  lJ^!±M. 

a+rU  na+l 

8.  Let  a,  h  denote  the  mth  and  nth  terms  respectively  of  a  harmonical  pro- 
gression ;  then  - ,  -  are  the  mth  and  nth  terms  of  the  corresponding  arithmetical 

a    0 

progression. 

Let  X  denote  the  first  term,  and  y  the  common  difference, 

then-=a;+(m'— l)y  and  isa;+(n-l)y:  find  a;  and  y. 
a  b 

9.  Let  X  denote  the  common  difference  when  a,  m>  n,  ^  are  in  arithmetical 
progression ;  then  a+x=m  and  a+23;=n ;  and  when  a,  p,  q,  b^  are  in  harmonical 

progressioiiy  .JL.=s«,  and  — — ssV, 
a+a;  a+2a; 

Then  ^J!t,  and  ilt^.i , .%  ~«2,  and  n^^fi^, 
a+2x    n  a+2aj   p         n   p  tt    -» 
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10.  From  a  +  c=?(i+W+c)  ^^  deduced  a«  - 6« =6»  - c\ 

a  +  c  +  2b 

11.  Since  a,  b,  c  are  in  arithmetical  progression,  a+c=25,  multiply  these  equals 
hj  a^c,  \iLeii(ic{€Lb  +  bc)=2ab.be,  and  .'.  ac=   ,  '  ^,  or  06  is  a  harmonical  mean 

between  a&  and  dc.  ' 

12.  Here  ^ — -+       f  =2&,  whence  by  redaction  there  arises 

1  — ao    1— oc 

(a  +  c)(l  +  6«)=2afcc(l  +  6«),  .-.  1=-^  i.tf.  a,  1.  carein-H:P. 

b    a+c  b 

X. 

1.  Here^=-=^,  and  tib  +  bc=2ae,  .*.  ab  +  bc-2ae=o,  add  2a*  -2aJ  to  each  sidC; 

2a«-2ac-aJ+6c=2a*-2ad=2a(a-&)  or  (2a-6)(a-c)=2a(a- J),     . 

.  .*.  a-c= ^^^ ""  ' — ,  or  a-cis  thehannonicalmeanbetweenaanda-i. 

{a-b)  +  {a-  c) 

3.  Since  a,  b,  c,  and  — ^, ,  — ^i  are  respectively  in  harmonical  pro- 

&+C     c+a     a  +  b 

gression,  ,        - . 

.'.  -,  _,  -,  and-—,  £j_,  ^^»  are  respectively  in  arithmetical  progression. 

a    b    c  a  b  c  '        -  • 

V 

^^^2     and2(«  +  c)     6  +  c     a  +  ft 
-  +  -=-,  ana — = 1 . 

a    c     b  b  a         c 

Deduce  the  former  from  the  latter,  and  then  reverse  the  process. 
XT       2(a  +  c)_6  +  c    a  +  6-  bc+c^-ha^+ah 
6      ~   a         c    ^    ^,      ac  . 


•■  r 


and  2a«c + 2ac« =6*c  +  6c«  +  a«6 + a5«, 

.    whence  c{a - 6){c+  a+ 6;  =a{b—c)\a ■\-b  +  c}, 

112 
,\ac~bc=:ab-cuif  anda6  +  &c=2ac  .'.-+-=-. 

a    c    b 
A    TT.«.2(a+c)     a+b    J+c   _1     1     1     1     1     1     1     1     .„^  1     1    2 
ac  ab        be         aeacbaeo  a    c    o 

Reverse  the  process. 

6.  From^li5+?±ilf=?l±t£Z^,  may  be  deduced 
a  c  b 

i«c+Jc'+a*fc+a6'»=2a'c  +  2a«*,  from  which  maybe  found  ft(a  +  c)=2<w,  then  re- 

verse  the  process,  as  in  Ex.  8. 

XI. 

1.  Hero  6=^  thanb-aJ^^ZSl,   and  &-c=?£lJ!!, 
a+c  a+c  a+c 

6-a    6-c~"a{c-a)     <;(a-c)^c+a'  i  a     c  )  ~c-a*  oc  ""  oc  ~c    o 

8.  Here  J=-?fi,   *=  2«_^   £Z*=?:L«,  and  a-6^<^«-«). 
a+c    a    a+6       a       a+c  a+c 

a+c    c     a+c       c       a+c  a+c 

Agaia2a-i=2a-i^=i2l,  ai,d?^=J2-.  «d?£::.*=^. 

a+c    a+c  a        a+c  e       a+e 


33 

Hence  ^^^L±) ^?^^^  +  'Jl^^o. 

6.  Here  b= ,  o  +  a= »  o-a=s ,  .  .- — = . 

a+c  a  +  c  o+c  b^a     e-a 

Next  J+c=?2i±f!,  and  6-*=<!£2l', 
a+c  a+c 

,-.- — = -.    Then- —  +  - — = + =2. 

o-c    oc-c*  b—a    b—e     c—a      a-c 

XII. 

1.  This  follows  at  once  from  XL  Example  4.    a«  +  c«>  2b*  .  •.  a»  +  5*  +  c«>  86« ; 
buta«+6»+c«  =  l,  .-.  1>  36«,  and  86«  <  1,  .'.b<J^, 

5.  By  clearing  the  equation  from  fractions,  and  transposing  one  term  from  each 
aide,  the  common  factor  may  be  removed,  and  the  result  is  2ab=:ae  +  bc. 

4.   - ,  - ,  -  are  the  mth,  nth,  pih  terms  respectirely  of  an  arithmetical  pro- 
a    b    c 

gression.     Let  x  be  the  first  term,  y  the  common  difference,  then  x  +  {m-l)y=-  , 

a 

x+{n-  l)y=   ,   x  +  {p-  l)y=- .    Eliminate  x,  y. 
b  c 

6.  First : = ^ ,  .  • .  ijupj  -  qxy = apx  -v^ry,  and  a{qy  - px) = 3^(3'  - 2?). 

px        qy 

Next  ?5-ZJ?=:^JILr ,  .  • .  arz  -  ryz=aqy  -  gys,  and  a(rz  -  qy)—yz(r  -  q), 
qy        rz 

Hence  ?ILZJ^=^^-lJ^2f  hntq—jj^r-qf  because^,  q,  r  are  in  arithmetical  pro- 

rz  -  qy     z{r  -  q) 

gression.     . '.  ^^LzP—  —  ^  and  qyz  -pxz=rxz  -  qxy. 
rz-qy     z 

.•.(Z(y=+aJ!/)=(i?+r)a»,  and?^±^=^±r=2,  .-.  y=— • 

xz  q  x  +  z 

.'.  X,  y,  z,  Biein  harmonical  progression. 

6.  a+c=26,  aDdl  +  ?=?,  thenc=26-a,  and  1=?_L=?^-. 

a    a    b  d     b    a       ab 

•   c    (2a-ft)(26-a)    ab-2{a-b)*     ^     2(a-6)* 
d"~  06  ""         06  ""  a6      ' 

7.  The  harmonical  means  between  a,  5 ;  a,  c ;  6,  c ;  are ,  — i. ,   z£L  • 

a+6     a+e    b+c 

and  these  are  in  arithmetical  progression, .  *. + =  -^ . 

**  a+b     b-\-c     a  +  c 

From  this  equality  by  reduction,  (a'  +c'')6'=2ac». 

8.  See  Art.  3,  pp.  2,  3 ;  and  Art.  6,  pp.  6,  7. 

XIIL 
1.  2>o-l,  and  2"-L    2.   -}(2«o-l),  and  -J{(-2),-l}.     8.  2-W(2»o-l), 

and2.     4.1.?!^,andf.  6.i)?!l^?lM,and5|.    6,t'Jlz^. 
3     2"  ^        5(       8"       )  ^  8       6*' 

7    gi«_7i4  1  4«_i  3to_2*o 
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«.d  ^"-^\    12.  A.i«!L+i!.*.     18.  H.     H.  i.     16.  1.?!1Z?!2.      16.    TU. 
2**-«  100      9"»-*  8       3'* 
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■MiM  obTioDsIy  can  be  sepoiated  into  the  folloiriiig  two  series : — 

1  +  2  +  4+  .  .  .  .  to-  terms  if  n  be  even,  or  _l—  terms  if  n  be  odd, 

and  -+--i — +  ....  to  -  terms  if  n  be  ereii,  or  ^1—  terms  if  n  be  od<L 
8^9    27  2  ^2 


17.  1. 


18.   ^.     19.  ^^    20.  02!^*.     21.  i. 
26  a— d  5*(10*-1) 


XIV. 

8.  Let  a  denote  the  first  term,  r  the  common  ratio. 

Then  a+ar+ar^+  .  .  .  to(2»  +  l)  terms  -^^^^'""^^ 

^  r-1 

and  a» +o«r* +  a«r*  +  .  .  .  to  (2n+l)  terms  ^^jij^^  - '^) , 

Alsoa+ar«+ar»+  .  .  .  to  (n+ 1)  terms  _^^^"    ~ ^\ 

r«  — 1 

ar+ar»  +  ar*+  .  .  .  ton  terms  ™-i '. 

r«-l 

Excess  of  odd  above  even  terms  -^^^^  "  ^)  -  ^'^'^^  ^  ^)  ,^<"'*^'  +  ^). 

r«-l  r«-l  r+1 

Hence  ^(^•''"^)  j,  ^^(^'■+^  +  1)  _a^(H»+«- 1) 
r-1  r+1      *      r*-l 

5.  Let  X  denote  the  first  term  of  the  series  and  y  the  common  ratio,  then 

35^'+^^ —OT,  and  xy^-^'^t^n ;  by  taking  the  product  of  these  equals,  aj'y''~*»iiiii, 

and  xfff  1= (mn)i  the  ^h  term. 

1^ 

Next  take  the  quotient,  ^"^"^  J^^  or  j/*-!?*,  .  •.  y-  (V}l\\ 

a.-yF-«-i     n  n  \  n  / 

i_ 
And  since  xup+^-^  ^xyf-^j^^m, .  • .  xy*-^  =  V!L=zm(—  p,  the  gth  term. 

6.  See  Art.  10,  p.  8. 

7.  It  may  be  ^ewn  that  the  common  ratio  of  every  two  suocessiye  terms  of  the 

series  is  -,  the  first  term  being  — L^..    The  sum  of  n  terms  will  be  found  to  be 

,  .         1       a*  -  c*     1 
equal  to --.- — i —, 

a« - 6*     a-c    c*-* 
S.  The  limit  of  each  series  is  the  same. 

9.  The  nth  term  of  the  series  is  2"(i|      »:2,  and  the  series  after  the  nth  term 

is  l+i+^+  ....  the  limit  of  whose  sum  is ■-2. 

1-i 

10.  Let  X  denote  the  common  ratio,  the  first  term  being  unity.     Then  the  nth 
term  is  se**"^,  and  according  to  the  problem, 

a5»-i„jB"+jB"+i+af+«+  ad  infin.=-^ ;  .'.  1--^  l-a-n; 

1— jc  1-a; 

.*.  2a;=l  and  x»l,  the  common  ratio.     The  series  isl+^+i+  ftc. 

11.  Let  a;  be  the  first  term  and  y  the  common  ratio,  then  9^^*1=0,  xy^^^b 

1  I 

«ir-'-«,  and ir^-|.  V'-\;  ■••  yi^>  «d  y  =(^)*^- 


41 


and  a«-'.  ft*-*  .c»'-«  » 1 . 
12.  Let  a  denote  the  first  term,  r  the  common  ratio. 


•("-D 


F^(i,ar.a,r'^ \  .  .  .  ar»-*-a«».ri-W+...+(»-i)=a».r"""i^  .'.  P» -a*".r»<»-i>. 


« 


Hence  P«  -  ^  -1 


n 


13.  5«-^ i,  and«=Ar.r".    Eliminate  r". 

r-1 

14.  Suppose  r  the  common  ratio^  then  a,  a?',  ar*,  ar*  are  respectively  equal  to 
a,  hf  Cf  d. 

'     And  (a±ft)*-a*(l±r)«,  (a±c)«=a«rMl±r)»,  (c±<«)«-aV*(l±r)*. 
Hence  (a±6)*,  (6±c)«,  (c±d)*  have  a  common  ratio  r«(l±r)'». 

XV. 

1.  Let  a,  ab,  aJb^  be  the  respective  first  terms  of  the  three  series,  r  the  common 
ratio,  and  n  the  number  of  terms. 

THen  .,=___,  s,-___,  *, -_-_  ,  .  .  -„_, 

^--;   .-.  ll-- and*i«,-«a«. 

2.  Let  r  denote  the  common  ratio  in  the  first  series,  and  n  the  number  of  terms 
in  each  series. 

Then  ^      gfr'-D    «,=.  JL,  n^Ji ,  ar»-i=Z.    Whence  ew,-i&,. 
^        r-1         •     r*-'!'   r-1  '  ^        ' 

r-1  —r— 1  '     ^~1  **+!     ' 

_a(2r«"+i  -  2r)^2«r{(r«)»  - 1 }  ^^^/^ 
r«-l  ;^¥3i 

4.  Instead  of  the  i^th  and  gth  terms  as  printed  in  the  question,  read  the  {p + l)th 
and  (g+l)th  terms. 

The  first  series  is  l  +  r«'+r«J»+  ....  ad  infin.=— ^— P. 

1-rP 

The  second  series  l+rff+r««+  ....  adinfin. « — —  — Q. 

1— r« 

.-.  l=P-iVi»,  iVi'=P-l,  n'^^i:?,  .-.  r=  {^1  * 

1-Q-Qr«,  ^«<2-l,  r»=?^  .-.  r-  j  ^}i 

Hence  (^Zli  I  L  }  iZ-M  %  and  i^z2)?,(izl)!:, 
\    P     S         \     Q     \     *  Pt  QP     * 

.-.  (P-i)«.Qi'=(g-i)'.p». 

6    5  ~«f^»-^>     ,  -2a(r»-l)        _8a(r»-l)     ^ 
'        r-1     '     '         r-1     '    ' r-1     ' 

r-1     J  i         r-1         1.2 

10.  See  Art.  11,  p.  10. 
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XVI. 

1.  If  a  be  the  least  term,  d  the  common  difference,  then  a,  a-hd,  a+2d  are 
in  arithmetical  progression,  and  a,  a  +  d,  a  +  2i+l  are  in  geometrical  progression. 

2.  Let  X  be  added  to  each  term,  then  the  sums  are  a+x,  b-hx,  c-hx,  d+x,  and 
the  squares  of  these  quantities  are  in  arithmetical  progression,  or 

{a + xy  +  (d + aj)* = (6  +  c)«  +  (c+  a;)*,  the  value  of  a;  is  the  number  required. 

3.  Here  i(a  +  6)=2(a6)*,  .*.  a  +  &=4(a*)*,  and  a«+2a6  +  6«=16a*,  subtracting 
4ab  from  these  equals,  a^—2ab  +  b^—12ab,  .'.  a-6=2v'3(ad)»,  and  a  +  ft=4(Wy;«. 
Hence  a :  6 : :  2  +  V3 : 2 ->/3. 

4.  Hereac=6',  a;=t(a  +  6),  y=i(b+c). 

Then  1  +  ?.=-?-+  ^=-?-  1 1  +  1 1  =J(^+£!L=^=?. 
X    y     a  +  6    64-c    a*  +  c*  (  c*      a* )      (aH-c*)(a<;)*    (ac)*     6 

5.  Let  a;  denote  the  first  term,  and  y  the  common  difference, 

then  a; + (/? — l)y,  a;  +  (gr — 1  )y,  a;  +  (r  - 1  )y,  x+(8-  l)y,  are  in  arithmetical  progressioD, 
and  these  are  also  in  geometrical  progression.     Shew  that  {p—q){r-s)—{q—r)'*. 

6.  If  a,  a  +  df  a +  2(2  be  the  terms  of  the  progression,  shew  that  —^  is  greater 

thanli^. 
a  +  d 

8.  Let  V,  a;,  y,  z  be  in  arithmetical  progression,  then 

2a:= »  +  y,  2y =a;  +  2,  and  i;  +  2=x  +  y, 
and  v+2yX+if  y  + 8,  2+15  are  in  geometrical  progression, 
.'.  (t>  +  2)(2!+15)=(x+4)(y  +  8);  find  the  values  of  i?,  aj,  y,  x, 

11.  If  m  be  added  to -,  -,  -  respectively, 

X    y    z 

they  boeome  i±r^,  *±!!^,    'JUS!. 
X  y  z 

Make  the  product  of  the  first  and  third  equal  to  the  square  of  the  second. 
r^^^^  {a-\-fnx){c+mz)Jb  +  myY^  ^^^  ^_^,^   ^^^^  »,  y,  «  are  in  geometrical 

progression,  .•.(«  +  ?««) (c  +  inz) = (6  +  97i?/) ' ,  or 

ac  +  (ca;  +  or)in+m'ajc=6'  +  2&my  +  m'y*  ; 
but  ac=b^j  because  a,  6,  c  are  in  geometrical  progression,  and  m»aa=m«y«. 

Hence  OTi(ca;  +  flK)=2»ioy,  and  i L_==__2_,  or-  +  -= — ,  or-,  -,  _,    are    m 

xz  y*  z    X     y         z    y    X 

arithmetical  progression, 

.*.  a +  7/12,  b  +  my,  c-\-mz,  are  in  geometrical  progression. 

XVH. 

1.  ^Ja  +  c)b-.2a^^     2.  See  Art.  7,  p.  7. 

a  +  c-26  * 

4.  Let|7,  g  denote  the  two  numbers,  then  the  two  arithmetical  means  ai'e 

a  1  =  U^P  +  ?).  and  a,  =  ^(p  +  2j). 

And  the  harmonical  mean  between  a^  and  a,,  — i^—"^  /^  +  yAP+  g;^ 

tti+a,  9(i?  +  7) 

Next,  the  two  harmonical  means  are  ft ,  =     ^  ,    6-  =  -^^ . 

'    i'  +  2y  2^  +  17 

And  the  arithmetical  mean  between  6,  and  6«  is  _LZ_i= ^^^^^ — , 

2         2(jt;  +  2jK22J  +  jr/ 

.'.  geometrical  mean  between  — i-t-  and  -i ?=(;?})*. 

Aj+a,  2 
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5.  The  arithmetical   meai^  J(a+a:),   i(ft  +  y),  i(c+2)  are  in  arithmetical  pro- 
gression.     The  geometrical  means  (aa;)»,  (6y)»,  (cs)*,  in  geometrical  progression,  and 

the harmonical means -^^ ,  — ^,  -?^,    in  harmonical  progression.      Forto    the 

a+x    6+y     c+z 

equations  and  eliminate  x. 

8.  Here  ?y^?+?,6«y«=a«c3,  and  5!=_J^!£!_. 

b     a    e  xz     a^xy+c^yz 

Eliminate  x,  y,  z,  and  the  result  will  give  the  equation  required. 

9.  Here  y=— ,  2x=a  +  b,  and2«=a*.  ^ 

x+z 

Then  y_  ^' _  2(^  +  ^)W*        2(a+6) 


05+2    a+2(a6)*  +  d 


?+? 


10.  Since  a'—h*,  .\  a=&',  also  since  cF^b',  .\  e^b*,   .'.  ac=6"  '» 

but  ac=6«,    .-.  6«"*"'=6«,  .  •.^+?^= 2,  .-.  y=-?^,  that  is  y  is  the  harmonical  mean 

as     z  a;+z 

between  x  and  z. 

XVIII. 
1.  See  Art.  5,  note,  pp.  5,  6. 

5.  Here   6=^^  c»=6rf,  d=— .     From  the  first  and  third  equality, 

J»  C'T  c 

jg^eeja-^e)^  and  c«=W,  .'.  c«=^£i^t£l,  whence  a«=c«. 

6.  Since  a=-tH,  and  c= -;  .*.  ac=d(2a— c)  and  5= 2a- e,  whence  ac=&'. 

2  a  +  & 

7.  Let  a.',  y,  z  denote  the  three  numbers  in  harmonical  progression, 

then  y=: — — ,  (x  -  l)2=y*,  and  2y^x+z~  4  :  from  these  equations  find  the  values 
a;  +  y 

of  SB,  y,  2. 

8.  Let  X,  y  denote  the  two  quantities ;  then  ^ZK-  (2;y)l=:a,  and 

z 

^--i^  -  .f^=::(.    Find  a;  and  y  from  these  equations. 
2       aj  +  y 

9.  Let  a,  (,  e,  be  in  arithmetical  progression,  then  5=}(a+c);  shew  from  this 

that  ac=  .   '    ,  or  that  oc  is  the  harmonical  mean  between  ab  and  be.    Reverse  the 
€ib-\-be 

operation. 

13.  Let  X  and  y  denote  the  two  numbers,  then  i{x  +  y)  -  (a:y)l= 13, 

and  (xy)»  -  .?^= 12.    From  the  first  equation  (a:*  -  y»)« = 26, 

and  from  the  second  l^y>^^^Zl^=.12.    Whence  M=l?^ A. 

x  +  y  x+y    26    13 

^d  ?W=1? :  then  ^'^+^^*  J^ .  uid  (^Zl*)!=l,  .  •.  <'^+y*)'  =86. 
as+y     18  x+y        IS  «+y       13  (a^-y»)' 

Substitute  these  values  in  the  first  equation,  a;=234,  and  y=104. 

XIX. 

1.  £450  29.  2|(i 

2.  A  little  more  than  10  per  cent. 
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S.  At  3  per  cent.,  £67  2s.  9d,  nearly  ;  at  5  per  cent.,  £80  4f.  6d.  nearly. 

4.  If  n  be  the  number  of  years,  then  n^sz — -     ,^  ""  ?^  ^ ,  which  can  be  de- 

log?  +  log3  -  log2  - 1 

termined  from  the  logarithms  given. 

5.  Each  annual  payment  is  £17  95.  3^.,  and  the  whole  sum  paid  for  interest  is 
£220  93.  dd.  The  logl'04='0170333  and  logS -243389= '5109990  will  facilitate  the 
calculation. 

6.  Six  years  and  scarcely  five  months. 

8.  It  will  be  reduced  to  one  half  iu  4$  years  nearly,  and  in  5  years  to  less  than 
one  half  of  the  amount. 

9.  The  interest  was  reckoned  at  4  per  cent,  per  annum. 

10.  30|f  years'  purchase.  When  money  is  at  3^  per  cent ;  25  years'  when  at  4  per 
cent.,  and  20  years'  when  at  five  per  cent. 

11.  The  estate  is  an  annuity  in  perpetuity  after  the  expiration  of  20  years,  for 
which  the  sum  of  £500  is  paid  down.  The  annual  income,  reckoning  money  at  6 
I>er  cent.,  is  only  £96  46:  3j^. 

XX. 

1.  See  Art.  10,  note,  p.  12,  on  the  present  value  of  an  annuity. 

3.  See  p.  12,  note  on  the  present  value  of  an  annuity  to  commence  after  m  years, 
and  to  continue  for  n  yeara. 

4.  Let  X,  y,  z  "be  the  three  portions,  then  zA-y+z=a,  and  if  p  pounds  be  the 
value  of  each  annual  payment, 

r     (1+r)"       '    r     (1  +  r)*  r     (H-r)» 

Then  y=^ -<!  +  '•>::.  f^^-ll-^*-)-'.     B«t«+y+,=a. 
X    l-(l+r)-"    X    l-(l+r)-»  •' 

Whence  a.=._ {l-(l+r)-}a 

8-{(l  +  r)--  +  (l  +  r)— +  (l  +  r)}"' 
Similarly  for  y  and  z, 

5.  The  amount  of  the  debt  a  is  a(l +r)* ;  and  the  amount  of  the  annual  pay- 

ment8of«i.«}£±^!zi{. 

m      m\         r         i 

7.  Let  P„  P„  P^  .  . .  Pn,  denote  the  respective  present  values  of  the  n  sums. 

''«Ml'-ifJ.'-¥t'-,i^t-'-=¥l'-ir'*l' 

.-.  Pi+Pa+  ...  +P,=— {1  +  2  +  3+ .  ..  +»} 

A      { ,         2  3  »      { 

'r(l+r)l    ■*"(l  +  r)"*"(l+r)«"*""  '  ■*'(l+r)-{ 
=  )  Mn  +  l)     {l-\-r)*'-nr-l  )    A^ 
\     1.2  (l+r)"-V«     Tr* 

S.  HereP,=-  \  — ^ — + — ? — +".  ..  + \ } 

'     r  lll+r)«^(l  +  r)*^'      •  ^(l  +  r)»-J 

A        (  1  1  1_     I 

'"r(l  +  r>»r'*'(l+r)«**'(l+r)*'*"  •'"  ''"(l+r)*-'!' 

^    jl^    1 1    _,       ,      1      } 

"r(l+r)J    ■^(l+r)«"*"(l+r)4"^""      (l+r)«»-«r 
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Hence ^=-^xt<l±i:)=;^,,  .-.  P,=i'.(Ur). 

9.  See  notes  pp.  11,  12. 

10.  H»eP=i{l-^,).«.dP+«=^{l-^^-^^}.     Dividing   th. 

Utter  by  the  fonner  equality,  .-. '^^  '-1+^^^^^  *^*'"*  ^^(T+»0'' 

...  (l+r).=|.  »d  l+r^^^  ••=(D^-^- 

18.  If  one  of  the  institutions  enjoy  the  benefaction  for  m  years,  the  other  is  to 

enjoy  it  in  perpetuity  after  the  expiration  of  m  years.     If  A  denote  the  annual 

income,  and  r  the  interest  of  one  pound  for  one  year.     Note,  p.  12. 

A    ^{\^r\^-  1  \ 
Then  the  present  value  for  to  year8=  —  J  ■        '     ■    \  • 

A       1 
And  the  present  value  in  perpetuity  after  m  year8=---.  . 

...  d.  j  ^^±^  I  =^.7r^.  -ad  (1+r)-- 1=1.  .-.  (l+r)-=2, 
r    i     (1+r)*     )      r  (1+r)" 


andm: 


.log2 


log(l+r) 

If  money  bear  interest  at  5  per  cent.,  the  first  institution  must  retain  the  estate 
for  li\  years  nearly,  before  the  other  enters  on  the  perpetuity. 

This  method  may  be  extended  to  calculate  how  long  2,  3,  4,  &c,  institutions 
should  in  succession  hold  the  estate  before  a  3rd,  4th,  5th,  &c.,  respectively  enter 
upon  it  to  hold  it  in  perpetuity. 

If  a  second  institution  is  to  hold  it  for  n  years  after  the  first  has  held  it  m  yeari» 
before  the  third  enter  upon  the  perpetuity. 

A    i  (1+r)"*-  1  ) 
The  first,  as  before,  holds  for  m  years,  and  present  value  =  -•  |     ,,      v,,    \  • 

The  second  holds  for  n  years  after  m,  and  present  value  =  —  •  1 7i  ■  yL+W  i  • 

And  the  third  holds  in  perpetuity  after  (m+«)  years,  present  worth=-  "n  .    w+a* 

Then  ^  (l+r)>-l_^  (l+r)"-l    A  (l+r^^-l    A         1 

r*  (1+r)"        r'(l+r)"+»'  r*(l+r)"+"      r*(l  +  r)-+"' 

From  these  equations  (1  +r)-=2,  and  (1  +r)-=? ,  and  n=  -M?-,  fii=?28?ri^ 
^  \        /        I  ^        '      2'  log(l+r)'  log(l  +  r' 

In  the  same  manner,  the  calculation  may  be  made  for  4  or  more  institutions. 

XXL 

1.  Let  X  and  y  denote  the  numbers,  then  -s-,  and  ^^s- ;  find  x  and  tr. 

y    4  y+6    5 

2.  Let  X  and  y  denote  the  numbers,  then  -=-,  and  ^ **">=-. 

y    6*  y-10    4 

4.  Let  2,  y,  z  be  the  three  numbers,  then  y^—xz^  a;+z=51,  ^+£==60,  from 
which  may  be  found  2^=22}  and  12,  z=Zl\  and  48,  x=\^\  and  3. 

6.  Let  V,  a?,  y,  a  be  the  numbers,  then  t»=a:y,  y=vx^  z=x+y,  vy=x+z.  Find 
tlic  values  of  v,  x,  y,  z, 

7.  Let  X,  y,  z  denote  the  numbers,  a  the  sum  of  the  numbers,  h  the  sum  of  their 
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redprocals,  then  y«=aB,  x+y+z=ct,  -+i+i=6.    Find  x,  y,  t, 

X    y    z 

OCti     xs      vs 

8.  Let  Xy  y,z  denote  the  parts,  then  x-\-y+z=ll,  and  -r^nr^  «  *    ' 

4       5       o 

XXII. 
1.  Let  x~2y,  x-y,  x+y,  x-\-2y  denote  the  four  nnmben, 

then  (a;-2y)  +  (a;-y)+(as+y)  +  (x+2y)=56, 
and(x-2y)«  +  (aj-y)*+(a:+y)«+(«+2y)«=864. 

4.  Let  X,  y,  z  denote  the  numbers,  then  y= ,  ai+y +s=ll,  x*  ■\-y^-\-z*=i9. 

x  +  z 

5.  Let  2,  y,  2  be  the  nomben^  y=.rrL,  a^=576,  aj+y+2=26. 

aj+2 

7.  Let  a,  &,  e  be  the  three  nomben^  then  &=-=!,  and  let  a;  be  the  number  sab- 

J.J     __ 

tracted  from  each,  then  (6-x)*=(a— ajVc-sc),  from  which  equation  3!=-^^ — ; : , 

'^  ^  26-(a+c) 

but  a+c=~,  .'.  a;=?Lz?£}_.£   the  number  required. 
6  2(6* -ac)    2  ^ 

8.  13a!=lly,  andl3x  +  lly=180. 

9.  Let  a  denote  the  first  term,  d  the  common  difference,  then  220= V{2a  +  10(f } 

and  a-{-5d^20.     For  the  sum  of  the  cubes  of  the  eleven  terms,  see  Art  14,  p.  IS. 

The  series  is  5,  8,  II,  14,  17,  20,  28,  26,  29,  32. 

XXIIL 

l.neyen,^<^'-^).     2.  n  even,  !^1<^^    8.  n  even,  ^^^' -  ^X^'^' "  ^> . 
2.3  2.4  2.3.5 

4.  The  series  1«  -  3*  +  5*  -  7*  +  9'  .  .  .  +»*,  may  be  divided  into  the  two  series 

l*+6*  +  9*  +  ,  &c.,  and  -(3* +  7* +  11*  +  ,  &c.).  and  the  sums  of  each  series  can  l>e 

found  by  means  of  the  formula  for  the  sum  of  the  squares  of  a  series  of  numbers 

in  arithmetical  progression.     Art.  14,  p.  13.     5  and  6  may  be  found  by  a  similar 

process. 

7.  Since2M=2«(2-l)=2»-2*,  3*.2=3«(3-l)=3»-3*, 

4a.8=4«(4-l)=4»-4«,  &c.,    .-.  1.2«+2.3»+3.4«+  ,  .  .  .  +n(9i+l)* 

=  {2"  +  3»  +  4»+ +(»  +  l)»}-|2«  +  3»+4*+ +(»  +  l)*}. 

XXI 7. 
1.  The  general  term  of  this  series  suggests  how  the  terms  are  to  be  divided. 
HeT€2»-2=4-2-2,  2» -2-8 -2=6,  2* -2=16-2-14,  2» -2-82-2-80,  Ac, 

and  2  +  6  +  14  +  30+ +(2"-2)«(2*+2»  +  2*  +  2»+ 2»+i 

-(2  +  2  +  2+ to»terms)-2»(2"-l)-2n-2-+«-2(w+2). 

Note.  The  series  numbered  2,  3,  4,  5,  6  may  be  verified  in  a  similar  manner. 

^    „        _-     99    10* -1     in»»99     10' -I     ,111^10^-1    Ac 

7.  Here  11=^=^^-^,  111-—=^^-^,  1111-^^-^.  &c 

«    TT       *r    ^    1     7x9    7(10-1)    ^y„7x99    7(10«-1)    . 

8.  Here7  =  7xl  =  — =-j^^3^,  7/=-^ ^___,Ac 

♦ 

XXV. 
1.  The  first  five  series  come  under  the  general  form  in  Art  13,  p.  12.    Each  sun, 
however,  may  be  found  separately. 
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2»->-l    (2ii-l)2*->  +  l 
(2n-l)2»-i  +  l 


2'«— i 

6.  Let5«=l  +  2a;  +  3a;«  +  +4a;»+  ....  tuc"-^, 

«c=aj+22;*+8aj»+  ....  («-l)a»-i+na^ 
.-.  (l-SB)*«l+aj+a:«  +  aj»+  ....  +a;»-i-ttaj" 

— —  Twr™ 9 

05-1  l-a? 

l+a;-2j?*-*+(l-2n)(l-g)g*       „     l+sc         ^    1  +  4x4- a;* 
'•  (r::^^^  (1^»'  (1-a;)* 

10         2  11    l+lla;+lla;»+a?*         12    H-26aj  +  66a;«+26a;»+a;* 


13. 


14.  (a:+ar-i)  +  2(aj«+a!-«)  +  3(»» +«-•)+  ....  to  » terms 

-(«+2aj«  +  8««+  ....  «af)  +  (a-^  +  2x-«  +  3ar-«+  ....  ?*«-■). 

XXVI. 

1.  Suppose  the  possibility  of  ezpressiiig  the  sum  of  the  squares  and  the  sum  of 
the  cubes  of  the  first  n  natural  numbers  in  a  series  of  the  powers  of  n,  and  first  for 
the  sum  of  the  squares. 

Letl«+2»+3«+  ..  .  .  +  n^»An*+Bn^  +  On+D, 

thenl»  +  2«  +  3«+ .  ...  +n«  +  (n+l)«=y<(n+l)»+-B(n  +  l)«+(7(?i+l)  +  D, 

By  subtracting  the  upper  from  the  lower  equality, 

.-.  n«  +  2n+l--4{(n+l)*-»«}+J5{<»+])*-»«}+C{(»+l)-n>, 

-3i4»«  +  (3i4 +2^)w+(il +^+C). 
Since  this  expression  is  an  identical  equation,  it  follows  that  the  conesponding 
terms  are  equal, 

3^  +  2J5»2,  a5=2-3^-2-l-l,  .'.  B^i, 

^+5  +  a-l,         (7=l-if-u4  =  l-i-J=|. 

•   l»  +  2«  +  3'  +  4»+             +n^-^*    n«    n_7i(n+l)(2n-f  1) 
.  .  1   +2  +3  +4  +  .  .  .  .  +n  -j+2 +g 1:2:3 • 

Next  for  the  sum  of  the  cubes. 

Letl»+2»+3»+  .  !  .  .  +»»=i4«*+-S»»+C»«+i)ii+jS; 

Then  l»+2«+8»+  ....  +n»+(»+l)»-j<(«+l)*+-B(»+l)»+CI(n+l)* 

+i>{n+l)-f^. 
Subtracting  the  upper  line  from  the  lower, 
.•.  »»  +  3»«+3«+l 

-^{(»+l)*-n*)+.B(«  +  l)»-«»)+(7{(n  +  l)«-n«}  +2){(?n.l)-n} 

*14»»  +  (6-4  +  3-5}»«  +  (4-4  +  8^  +  2(?)n  +  M  +  5 •«  C+ Z>). 
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By  equating  corresponding  terms  of  this  identity, 

•  '•  4^  ^  *i  •  *•  ""  ^i» 

6^  +  35-3,  8-5-8-1-1,  .•.^- J, 

4u4  +  3jB  +  2C-8,  2C7-8-1-I-J,  .-.  <7=i 

-4+-B  +  C+i>-l,  Z>-l-J-i-l=0. 

4*2^4         1«.2*         (      1.2     i 
Note.  If  higlier  powers  of  n  than  the  third  and  fourth  had  been  assumed  in  th« 
'expressions  for  the  sum  of  the  squares,  and  of  the  cubes,  respectively,  of  the  natural 
numbers  ;  it  would  have  been  found  that  all  the  coefficients  of  these  powers  would 
be  zero. 

XXVII. 

1.  The  number  of  balls  in  a  pyramidal  pile  of  n  courses  having  an  equilateral 
triangle  for  its  base,  is  equal  to  the  sum  of  the  first  n  of  the  series  of  triangular 
numbers. 

And  the  number  of  balls  in  a  pyramidal  pile  of  n  courses,  having  a  square  for  its 
base,  is  equal  to  the  sum  of  the  first  n  of  the  series  of  quadrangular  numbers.  See 
note^  p.  8. 

As  the  rectangular  base  of  this  pile  has  m  balls  in  its  length,  and  »  in  its 
breadth,  the  number  of  balls  in  the  ridge  of  the  pile  will  be  m-n+1,  also  the 
lowest  course  of  the  pile  is  composed  of  n{m-hn)  or  m/n+n*  balls. 

5.  Let  X  denote  the  number  of  balls  in  a  side  of  the  lowest  course,  then 

a;(x+l)(Ja?+  )  ^  ^.^^  number  of  baUs  in  the  pile,  and  if  w  denote  the  weight  of  each 
1.2.3 

|>all,  then  ^^'*"Vlfl'*'^^^  denotes  the  weight  of  the  pile. 

(»-l)a;(2aj  — 1) 
But  if  the  side  of  the  lowest  course  had  contained  aj— 1  balls,  then  1Y3 

would  have  been  the  number  of  the  pile,  and  10^^         ^^  weight    And  the 

1.2*8 

latio  of  their  weights  is  j^"!?!?^  "!?=—,  from  which  x,  the  number  of  balls  in 

^  (a;+l)(2aj+l)    91* 

the  side  of  the  lowest  course,  may  be  found. 

To  find  the  weight  of  the  shot  in  the  pile. 

Here  20481b.  =wei£^t  of  an  ixon  ball  12  inches  in  radius, 

i^lb.=s        .,  ,,  6 


»»  II  **        If        11 

11      .   „_204 
2048     12»     2«     8*  *  *  8 


19»      Q»      ft*  ft 


And  the  weight  of  the  pne=^5(5±l)S|il!i^l256  ^^^^^  ^i^en  the  value  of  as 

1.2.8 
is  substituted. 

XXVIII. 

2.  In  the  given  formula,  take  n  equal  to  1,2,  8  respectively,  and  eliminate 
Ag  and  a,  from  the  three  equations. 

8.  Here  H-2»+8»*+  ...  ad  infin. « —n',  when  n  becomes  1+-. 

(1— n)'  » 

4.  This  may  be  shewn  to  be  true  in  general  for  any  three  terms  whatever. 

Hire  (n-l)*+(n+l)*<2»^  (n+1)*  <2n*-(n-.l)  ,  .    ^' 


49 

»+l<4n-4(n'-n)Hn-l,  4(»«-n)*<47i~2,  2(n' - ?i)* < 2w - 1, 

4?i*  -4n  <  4n*  -4n+l. 
5.  For  the  series  (1)  let  y=An+Bn*  +  Cn^+D7i*-{-y  &c.,  in  which  A,  B,CdX^ 
nnkiiowiii 

then-^«  -i{^«n«+2^-B«».+(2^C+^«)n*+   &c.} 
+l^=  i{^»n»+3^«-S»*+   &c.} 

-y!=.  -J{^*n*+   &c.} 

Thenai-y-?^+?^ — l!L+   &c. 

-^a;+(5-t^)aj»  +  (C-^5+4^)aj«+  j  D-AC-^l-^A^B'-!^  \  x*^  &c., 
2^  o'^i  2  4) 

which  18  an  indentity,  and  the  corresponding  terms  involving  the  same  powers  of  sr 
are  equal. 
.-.^-1, 

B-—^0,   .-.  ^-:^  =  ^ 


2  2      1.2 


3  3       2     8     1.2.3 


D^AC-?l-^A-B-^l=.0,J)^AO-^?l.-'A^B+dl^l^l..l^l ~.kc. 

2  4  2  4      6^8     2^4     1,2.3.4 

^  1.2^1.2.3^1.2.3.4 

8.  The  former  ratio  is  \  i^  [  ^,  and  the  latter  -Ll^. 

(l-x)  X     ■ 
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9.  Here#«l+-+— H 1 .  adinfin. 

2»    3"     4» 

.'.  —  m — I 1 — +  ...  ad  infin. 

2»    2»^4"     6" 

.•.,fl-J_^  -l-I  .i^lx^--  .  .  .adinfin.  -/ 
I       2"-»>  2*^3"    i"    6* 

.  8        2"-i 


</     2— » - 1 
10.  a;»8and  —10.      11.  xa^. 

XXIX. 

1.  See  Ratio,  Proportion,  and  Variation,  Art  5,  note,  pp.  7,  8. 

2.  Let  a,  bj  the  sides,  c,  the  h3rpotennse  of  the  right-angled  triangle,   havi  g 

a',  5*,  c*  in  harmonical  progression. 
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Then  --___=_ 1. ,  and  a"  +  ft»  =c« .    Whence  may  be  found 

a«     6«     6«     c» 

c=±a(l±>/2)*  and  5=±2*a. 
8.  The  sum  is  ??i!^.  {l  + j+Q)'*  +  -  •  •  adinfin.  ]  . 

4.  Let  as,  ajy,  ajy*,  a^'  denote  the  four  shares,  then  aj+ajy+iry'+a:y»=slOO,  aadi 
wy*  -  X :  xy^  -  a^ : :  87: 12,  determine  x  and  y, 

5.  Let  a,  5,  c  denote  the  common  differences  in  harmonical  progression, 


»—•*», 


50 


.  2      ^  ^  «i+«,-2*4 

6.  Let  V,  r/he  the  volames,  10,  «^  the  weights,  and  s,  tl  the  specific  gravities  of 
the  two  substances.  Then  since  the  weight  is  equal  to  the  product  of  the  volume 
and  specific  gravity,  supposing  the  specific  gravity  to  mean  the  weight  of  an  unit  of 
volume;  then  w^^w^  and  v/^ifv\  If  d'  be  the  specific  gravity  of  the  mixture, 
then  5t>+«'t/ ««;+!•« (»+ t/)i",  and  1/(3" — s')  =  v{s - «" ).  If  the  volumes  be  equal 
orv«t/,  then5''-y=«-8",  and2y'-«+a',  .'.  V«i(«+y). 

Next  let  the  weights  be  equal,  or  tr — w',  then  -, «-    and  -,  =•  ^"    , ,  . • .  4^  —  -» 

whence  s  =  — -. 
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VAEIATIONS,  PERMUTATIONS,  AND  COMBINATIONS. 

Art.  1 .  The  different  sets  that  can  be  formed  of  any  number  of 
things  without  regard  to  the  order  in  which  they  are  placed,  are  called 
their  combinations,  as  the  combinations  of  three  things,  a,  h,  e,  taken 
two  at  a  time,  are  ah,  ae,  he. 

The  different  orders  in  which  any  nimiber  of  things  less  than  the 
whole  can  be  arranged  are  called  their  yariations,  as  the  variations  of 
three  things  a,  h,  c,  taken  two  at  a  time,  are  ah,  ha,  ae,  ea,  ch,  he. 

The  different  arrangements  which  can  be  made  of  the  whole  of  any 
number  of  things  are  called  their  permutations,  as  the  permutations 
of  three  things,  a,  h,  e,  are  ahe,  cha,  ach,  hea,  bac,  eah. 

The  number  of  the  combinations  of  n  different  things  taken  r  at 
a  time  is  denoted  by  *€,,  the  number  of  yariations  by  "F^,  and  the 
number  of  permutations  of  n  different  things  by  "P. 

If  the  combinations  of  n  things  be  taken  r  at  a  time,  and  n—r  at  a 
time,  the  latter  are  named  the  compUmentary  eomhinatians  of  the  former. 

2.  To  find  expressions  for  th$  numhera  of  variations  of  n  different  things, 
when  they  are  taken  1,  2,  3,  4 ...  n  a/  a  time. 

I>et  01,  a^,  09,  04, ... .  0«  denote  the  n  different  things. 

First.  The  number  of  these  n  things  when  taken  one  by  one  is 
obviously  »,  and  "  Fj  =  ». 

Secondly.  To  ffnd  the  number  of  the  variations  when  the  things 
are  taken  two  at  a  time. 

Of  the  n  things  0]  may  be  taken  and  placed  successively  before  each 
of  the  remaining  n— 1  things,  09,  0s,  04....0m»  and  thus  form  »— 1 
Tariations  taken  two  at  a  time,  in  each  of  which  a^  stands  first ;  and 
there  can  t>e  no  more  variations  in  which  Oi  stands  first. 

Similarly,  a^  may  be  taken  and  placed  successively  before  a^,  a^,  a^ 
....0^,  and  thus  form  n-l  variations,  in  each  of  which  0^  stands 
first. 

And  in  the  same  may  be  done  with  0^,  0^ . . .  0,  successively ; 
there  being  n  —  1  variations  corresponding  to  each  letter  in  the  first 
X)lace. 

Since  therefore  there  are  n  different  sets,  and  n  —  1  variations  in 
each  set,  .-.  ■ra  =  «(»— 1). 

Thirdly.  To  find  the  number  of  variations  when  the  n  things  are 
taken  three  at  a  time. 

Omit  01,  and  the  number  of  variations  formed  of  the  remaining 
II  - 1  things  taken  two  at  a  time  will  be  (»— l)(n-  2). 


Then  placing  a^  before  each  of  these,  there  will  («— l)(n— 2) 
variations  taken  three  at  a  time,  in  each  of  which  ai  stands  first ;  and 
there  can  be  no  more  variations  iii  which  Oi  stands  first ;  otherwise 
there  would  be  more  than  («— l)(n— 2)  variations  of  the  remaining 
n-l  things  taken  two  at  a  time. 

Similarly,  omitting  a.2,  there  will  be  (n— l)(n— 2)  variations  of  the 
remaining  n—l  things  taken  two  at  a  time.  Then  placing  a^  before 
each  of  these,  there  will  be  (n— l)(n— 2)  variations,  in  each  of  which 
^2  stands  first. 

And  the  same  may  be  said  of  a^^  «4, . . . . ««  successively. 

Hence,  since  there  are  n  sets  and  (»  — 1)(«— 2)  variations  in  each 
set,  .-.  "F3  =  n(«-l)(w— 2). 

By  a  similar  process  of  reasoning,  ••Fi  =  «(n— !)(»— 2)(»— 3). 

And  generally,  if  r  things  be  taken  at  a  time,  and  it  be  assumed 
that 

"F^  =  «(n— l)(n— 2) ....  (n-r+1),  it  is  required  to  shew  that 

"r.+,  =  n(n-l)(«-2)  ....  {n--r+  l)(n-r) ; 
that  is,  if  the  law  bo  true  for  the  number  of  variations  of  n  things  taken 
f*  at  a  time,  it  is  also  true  when  they  are  taken  r+1  at  a  time. 

For,  omit  a^,  then  all  the  variations  of  the  remaining  n—l  things 
taken  r  at  a  time,  are  (n— l)(w— 2)(«— 3) ....  (»— r). 

If  <ii  be  placed  before  each  of  these  variations,  there  will  be  formed 
(jj— l)(w— 2)(n— 3) . . .  (n—r)  variations  of  n  things  taken  r+1  at  a 
time,  in  each  of  which  tfj  stands  first. 

And  the  same  may  be  said  of  a^,  a^,  a^., ,  .a^  successively.  Since 
there  are  n  sets  and  (»-  l)(n— 2)(n—  3) ....  (n—r)  variations  in  each 
set,  therefore  the  number  of  variations  of  n  things  r+1  at  a  time,  or 
-F;+|  =  n(n-l)(n-2) . . . .  (n-r). 

Hence,  if  the  law  be  true  for  the  variations  of  n  things  taken  r  at  a 
time,  it  is  also  true  for  the  variations  of  n  things  taken  r+ 1  at  a 
time. 

But  it  has  been  proved  true  for  n  things  taken  two  at  a  time,  and 
three  at  a  time.  Therefore  it  is  generally  true  of  n  things  taken  r 
at  a  time,* 

or,  -r,  =  ri(n-l)(n-2Xn-3)....(n-r+l). 

*  To  find  tlu  number  of  variations  of  n  different  tiUngs  taken  r  and  r  together, 
when  each  thing  is  contained  1,  2,  3 ....  r  times  in  ea>ch  variation. 

First  let  a,  be  placed  before  each  of  the  n  things  a„  a,. . .a.,  and  thus  form  » 
variations ;  and  in  the  same  manner  each  of  the  rest  of  the  n  things.  Then  sioce 
there  arc  n  sets  and  n  variations  in  each  set,  there  will  be  nxn  or  n'  variations  of 
the  n  thinji^s  taken  two  and  two,  inclading  the  variations  a^a^,  ^^a^ay  &<3. 

Next,  let  a  I  be  placed  before  each  of  the  n*  variations,  and  form  n'  variations 
taken  3  and  3  together,  in  each  of  which  a^  stands  first,  and  the  same  may  be  dene 
with  each  of  the  remaining  things ;  therefore  there  will  be  n  x  n*,  or  n*  variations 
when  three  things  are  taken  3  and  3  together,  and  similarly  when  the  things  are 


It  is  obvious  tliat 

-r,+i=w(»-l)(n-2)....(n~r+l)(»-r)  =  (n— r).T, 

And  if  r  be  taken  equal  to  n  in  tbe  expression  for  the  number  of 
variations  of  n  things  taken  r  at  a  time,  the  result  then  becomes  an 
expression  for  the  number  of  permutations  of  n  different  things;  that  is, 

-P=w(«-l)(w-2)(n-3) 3.2.1. 

3.  To  find  an  expression  for  the  number  of  permutations  of  n  things  whek 
r  of  them  are  identical.* 

If  the  r  things  which  are  identical  be  supposed  to  be  different,  fhey 

admit  of   r(r— l)(r— 2) 3.2.1    permutations,   but  when  they 

become  identicali  this  number  is  reduced  to  one. 

Hence  the  permutations  of  n  things  when  all  are  different  are 
r(r— l)(r— 2) . . .  3.2.1   times    as    great    as    when  r  of  them    are 

identical.     But  n(n— l)(n— 2) 3.2.1    denotes  the  number   of 

permutations  of  n  things  when  all  are  different. 


taken  4  and  4  together.     And  generally,  when  the  things  are  taken  r  and  r  together, 
the  whole  number  of  yariations  wiU  be  u'. 

To  find  tke  number  of  variations  of  n  differemi  things  when  they  are  taken 
1,  2,  3. ...  r  6^  a  time,  with  repetitums. 

Instead  of  taking  away  a^,  let  a ^  be  annexed  to  each  of  the  n  things,  and  the 
number  of  things  becomes  n  +  li  and  when  a,  is  placed  before  each  of  these  n  +  \ 
things,  there  will  be  formed  n+1  rariations  taken  2  and  2  (with  repetitions  of  a^), 
in  each  of  which  a  ^  stands  first. 

And  each  of  the  remaining  n-1  things  can  stand  first  in  each  set  of  n+1 
variations,  with  repetitions  of  the  Og,  a^^  &c.  Then  since  there  are  n  sets  of  the 
variations,  and  n+\  variations  in  each  set,  the  whole  number  of  variations  of  n 
things  with  repetitions  when  taken  2  and  2  together  is  n(n  +  l). 

Next,  when  a,  is  repeated  as  well  a^  a^,  the  number  of  the  variations  with 
repetitions  of  then  things  is  (»+l)(n +2),  and  when  a^  is  placed  before  each  of 
these  (?t+l)(7i+2)  variations,  taken  two  at  a  time,  there  will  be  (n+l)(»-f  2) 
variations  of  the  n  things,  taken  3  and  8  together  with  repetitions,  in  each  of  which 
Oj  stands  first.  And  the  same  may  be  done  with  the  rest  of  the  n  things ;  thftrefore 
on  the  whole  there  will  be  7i(n  +  l)(7i+ 2)  variations,  with  repetitions  of  the  » things 
taken  3  and  3  at  a  time.  And,  generally,  when  the  variations  with  repetitions  are 
taken  r  and  r  together,  the  whole  number  of  variations  will  be 

n(n  +  l)(»  +  2)...(n+r-l). 

*  The  truth  of  this  proposition  may  be  exhibited  in  the  following  fwni  ^^ 

Of  the  n  different  things  let  the  last  r  of  them  be  supposed  ta  )ieeomo  alike, 
then  these  r  like  things  admit  of  only  one  permutation. 

If  a  J  be  taken  from  the  rest,  it  may  occupy  the  fii-st,  second,  third,  &c. . . ,  and 
(r+I)th  place  in  the  order  of  the  r  like  things,  and  thus  form  r  +  1  different  per- 
mutations. 

Next,  if  a^  be  taken,  it  may  occupy  the  first,  second,  third,  ....  and  (r+2)n<l 
place  in  these  permutations,  and  thus  form  on  the  whole  (r+l)(r  +  2)  permutations. 

Similarly,  if  a,  be  taken  and  employed  in  the  same  manner,  there  will  result 
(r  +  l)(r + 2)(r + 3)  permutations. 

And  generally,  when  the  rest  of  the  n~r  things  have  been  taken,  there  wiU  be 
on  the  whole,  (r+l)(r  +  2)...  {r+(7i-r)-ljjr  +  (n-r)}, 

orn(?i - 1)  + . . . .(r +2)(r+l)  permutations. 


Hence  the  number  of  permutations  of  n  things  when  r  of  them  ar^ 
identical  is  equal  to  >»(*»-l)(»-2)  •  •  •  (>-+l)r(r-l) ....  8.2.2 

l«2.o....f*» 

=  «(n— l)(?i— 2) (r+1). 

If  in  addition,  there  were  also  «  other  things  identical,  but  different- 
from  the  r  i<{entical  things.  It  may  in  the  same  way  be  shewn  that, 
the  number  of  permutations  is  equal  to 

n(w— l)(w— 2) 3.2.1 

Also  if  t  things  besides  the  above  named  were  identical,  the  number 
of  permutations  would  be 

w(n— l)(n— 2)  . . .  .8.2.1 
1*2. o. ..  .9*. 1.2. 3.  .  .  .9.1.2.3  .  .  .  .  t 

And  similarly  for  any  other  sets  of  identical  quantities. 

4.  To  find  an  expresiion  for  the  number  of  the  combinations  of  n  different- 
things  when  taken  2,  S,  4  , . .  ,n  at  a  time. 

Let  01,  Aj,  Os .  .  .  .  a.  denote  the  n  different  things,  and  *C^  the* 
number  of  combinations  of  the  n  things  taken  2  at  a  time.  Since  every 
combination  of  two  things  admits  of  2.1  permutations,  therefore 
2.1." 67,  is  equal  to  the  number  of  the  variations  of  n  things  taken  2* 
at  a  time. 

But  n(n— 1)  is  also  equal  to  the  number  of  the  variations  of  n 
things  taken  2  at  a  time.  Therefore  2.1.'*C'2»n(n— 1),  and 
^_n(«— I) 


m  _ 

'        1.2 


Also  in  the  same  manner,  if  *(7,  denote  the  number  of  combinations 
of  n  things  taken  3  at  a  time. 

Since  every  combination  of  3  things  admits  of  3.2.1  permuta* 
tions;  then  3.2.1."C,  denotes  the  number  of  variations  of  n  things 
taken3at  atime;  butn(n— l)(n— 2)  has  been  shewn  to  be  the  number 
of  the  same  variations;  therefore  8.2.1."C7,=>i(»— l)(n— 2),  and 
^_w(«-l)(n-2) 


'  1.2.3 


And  generally, 

Since  every  combination  of  r  things  admits  of 

r(r— l)(r— 2)  ....  3.2.1  permutations. 
Therefore  r.(r— l)(r— 2)  ....  3.2.1  times  the  number  of  com- 
binations of  n  things  is  equal  to  the  corresponding  number  of  vaiia- 
tions  of  the  same  things ;  that  is 
^(r— l)(r— 2) 3.2.1  .•'C,-"r,«w(n— l)(n— 2) (»— r+1), 

J  i.1    nn     M(n— 1X»— 2) (n— r+1) 

and  consequently  "C7^=  -^ ^^        ^ ^ ■ — ^ . 

And  -gr^. ="("-  ^^^"-'^^  •  •  •  •  (''-'•+^)(«  -*•)  .'izr .  -fi. 

1.2.3..  .r  .(r+1)  r+1 


Or,  the  number  of  «ombiiiationB  of  n  things  taken  r+l  at  a  time  is 

times  the  number  of  n  things  taken  r  at  a  time.* 

5.  I%e  number  of  the  •comhinatums  ofn  things  when  taken  r  at  a  time  is 
equal  to  the  number  of  combinations  of  the  same  n  things  when  they  are  taken 
^i^r  at  a  time,^ 


*  To  find  the  number  of  comhinations  that  can  he  formed  out  of  two  sets,  one  set 
consisting  ofm  like  things,  and  the  other  set  ofn  like  things,  the  latter  being  different 
from  the  former,  when  they  are  combined  in  every  possible  way. 

Let  one  set  consist  of  m  things  each  equal  to  a,  and  the  other  set  of  n  things 
each  equal  to  b. 

Then  the  combinations  made  out  of  the  first  set  of  m  like  things  are  a,  aa,  aaa, 
&c.,  or  a,  a^,  a* . . . .  a**,  are  m  in  number.  And  the  combinations  made  out  of  the 
other  set  of  n  like  things,  b^  bb,  bbb,  &c.,  or  b,  b^,  b*.,,,b%  are  n  in  number. 

The  number  of  all  the  xx>S8ible  combinations  that  can  be  formed  out  of  these 
different  sets  of  like  things  taken  singly,  2  and  2,  &;c.,  will  be  (m+ l)(n+ 1)  - 1 . 

If  a  third  set  of  p  things  each  equal  to  c,  were  taken  with  each  of  these  combina- 
tions, it  may  be  shown  that  the  total  number  of  all  the  possible  combinations  are 
im+l){n+l){p  4- 1)  - 1.  And  it  is  obyious  that  of  these  combinations  the  number 
which  contains  c  is  (m+l){n+l)p, 

t  In  illustration  may  be  exhibited  the  series  of  combinations  of  7  and  of  8 
things  when  taken  1,  2,  8,  &c.y  at  a  time. 

.(7,=[i|=21.  -^,=8^=28. 

■,^      7.6.5.4.3^^^  e^      8.7.6.5.4^g^ 

*  1.2.8.4.5  *     1.2.3.4.5 

7/7  _7.6.5.4.3.2_y  8/7  ^8.7.6.6.4.8_nQ 

*  1,2.3.4.6.6      *                                     "     1.2.8.4.5.6 
^Y^  7. 6. 5.4. 8. 2. 1^'t  0/^ 8. 7. 6. 5.4.8. 2 « 

'""1.2.3,4. 6.6. 7"  '  '     1.2. 8.4,5. 6.7~ 

8/>  _8.  /  .6. 6. 4.8.2.1     ^ 
*"l. 2.8. 4.5.6.7. 8*"  ' 

It  may  here  be  observed  that  the  whole  number  of  combinations  of  8  things 
is  greater  than  twice  the  whole  number  of  combinations  of  7  things  by  one. 

From  these  illustrations  it  appears  that  when  the  given  number  of  things  is  7, 
«n  odd  number,  the  maximum  number  of  combinations  is  35,  and  when  the  given 
number  is  8,  an  even  number,  the  maximum  number  of  combinations  is  70. 

These  examples  also  exhibit  the  truth  of  the  proposition  respecting  comple- 
mentary combinations. 

When  the  number  of  things  combined  is  an  odd  number,  as  7,  the  number  of 
•combinations  is  the  same  when  the  things  are  taken  1  and  6,  2  and  6,  8  and  4 
together,  respectively ;  and  the  number  is  the  greatest  possible  when  the  tilings  are 
combined  8  and  4  at  a  time. 

When  the  number  of  things  is  even,  the  number  of  combinations  is  the  same 


6 

For  'C^-^^-^y*-^) (»-r+l) 

1.2.3  •  •  •  ,  T 

and -(7     ^«>-l)>-2) {n^(n^r)^i} 

*^  1.2.3 (w-*') 

«  n(«~r/»-2) (r+1) 

1.2.3 («— 0 

DividiDg  the  former  equation  by  fhe  latter, 

'Cr  ^«(«-l)(n-2) (»-r+l)  .<t(it-l)(ft-2),,  .  ■  (r-rl) 

•6',,"  1.2.3 r  '         1.2.3 («-r) 

_<n-lX«-2) (n~r+l)  1.2.3 (•—r) 

1.2.3 r  ^  ».(n-lXii— 2) (r+1) 

_w(n-l)(n^2) (n-r+l)(n~r) 3.2.1^^ 

"  1.2.3 r(r+l) (n-l)»  *' 

Hence  •C="C..^ 

6.  To  find  when  the  number  of  the  eomhinations  ofn  things  is  ihegreaUel 
posiihle. 

Let  n  be  the  g^ren  number  of  things,  and  x  of  them  be  supposed 
to  be  taken  at  a  time ;  then  ■^>^^«(^--0(«-2)  . .  .  (n^x+l)^ 

X»  Z  mO     m     •     m     m     w     m     •     •     »     m    X 

Since  each  successive  factor  of  the  numerator  of  this  expression  is 
diminished  by  unity,  while  each  successive  factor  of  the  denominator 
is  increased  by  unity ;  the  value  of  *C,  will  continually  increase  until 
the  last  f&ctor  in  the  numerator  he  not  lets  than  the  corresponding 
factor  of  the  denominator. 

First.  Let  the  ^h  factor  of  the  numerator  be  equal  to  the  corre- 
sponding factor  of  the  denominator,  then  n—x+l  =x^  and  2x  =  if+l, 

therefore  x  =  — —    But  as  2;  is  necessarily  a  whole  number,  it  follows 

that  ^"^     is  a  whole  number,  and  consequently  n  must  be  an  odd 

number. 

Therefore,  when  n  is  an  odd  number,  the  nimiber  of  the  combina- 
tions of  n  things  will  be  the  greatest  possible  when  they  are  taken 


n+1 


at  a  time. 
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Secondly.    If  the  ^h  factor  of  the  numerator  be  the  last  which 
exceeds  the  corresponding  factor  in  the  denominator. 

when  taken  1  and  7,  2  and  6,  8  and  5  together,  respectively  ;  and  when  they  are 
taken  4  at  a  time,  the  number  of  combinations  ia  a  maximum. 

When  the  number  of  things  taken  to  form  a  combination  is  greater  than  half 
the  whole  number  of  things,  some  labour  in  practice  may  be  saved  by  using  tii.« 
complementary  combinations.  For  instance,  the  number  of  the  combinations  of  20 
things  taken  13  at  a  time  is  the  same  as  the  number  of  the  combinations  of  the  same 
things  taken  7  at  a  time. 


—  at  a  time. 


Since  each  factor  of  the  numerator  is  one  less,  and  each  factor  of 
the  denominator  is  one  more  than  each  preceding  factor,  it  follows 
that  the  last  factor  of  the  numerator  which  exceeds  the  corresponding 
factor    of   the    denominator    can    exceed    it   by    one    only;    then 

«— af+l=«+l,  and  2x  =  n,  therefore  a;  =  ~,  and  consequently  n  must 

lie  an  even  number. 

Then  when  n  is  even,  the  number  of  combinations  of  n  things  will 

be  the  greatest  possible  when  they  are  taken  -  at  a  time. 

Since  "(7,  =  "C,.,;  anda;  =  -5!_,   when  n  is  odd,  .•.  n— 3?  =  — — -; 

2  Jt 

Hand  the  number  of  the  combinations  of  n  things  when  n  is  odd,  is  the 

mJ-1  tt      1 

^eatest  possible  when  they  are  taken  —L—  and at  a  time. 

AA  AA 

Also  «  =  -,  when  n  is  even,  .*.  n^x^-i  and  the  number  of  com- 
2  .  2 

binations  of  n  things  when  n  is  even  is  greatest  when  they  are  taken 

n 

7.  The  sum  of  the  number  of  the  combinations  of  n  things  taken  r  and 
r— 1  at  a  time,  is  equal  to  the  number  of  combinations  ofn+l  things  taken 
r  at  a  time. 

,,^     _  <n-l)(n--2) (n-r  +  2) 

"^^   ^^' 1.2.3....  (r-1) ' 

.    -r-u-r     ,n(n-l)(yi-2) (»-r-f  1) 

,  n(n-l)(n— 2) {n-r+2) 

1.2.3 (r— 1) 

_wf>?— l)(n--2) (n— r+2)  /n—r+l  ,  ,  ) 

1.2.3 (r-1)  M        r     ""^    J' 

_w(n^l)(n— 2) (n— r+2)(n+l) 

,  n(n— l)(w— 2)  ....  (n— l)r       ' 

_(n  +  l)n(n-l) {(n  +  1)— r+1} 

1.2.3 {»— l)r  ' 

8.  To  find  an  expression  for  the  number  of  canbinations  that  can  be 
Jormed  by  taking  of  the  combinations  of  m  things  r  at  a  time,  with  the 

combinations  ofn  things  s  at  a  time. 

Here  -C7,  =  »*(«»— 1)(»»~2) (>n-r+l)^ 

\. A .u  •  m  ,  .  r 

uQ  ^ n(n-l)(n— 2) (n^s+l) 

1.2.3....f 
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Xoir  when  eacli  combinatioii  of  the  fonner  set  of  m  things  is  takes 
irith  each  combination  of  the  hitter  set  of  n  things,  the  combi- 
nations which  result  will  each  consist  of  r+$  things,  and  the  total 
number  will  be  ^>"1)  ■  -  >  (^-r+1) ^ <n-r>-2)  . ,  ,(n-.+l) 

1.2  ...  r  1.2.3  .  .  .  « 

Tliis  process  can  be  extended  to  the  combinations  of  three  or  more^ 
sets  of  things,  each  set  forming  separate  and  independent  combina- 
tions.* 


*  There  are  certain  series  of  nnmbeis  irhidi  ha?e  been  named  J^ffwraU  Numben, 
and  may  be  soppoeed  to  originate  from  a  series  of  units.     Each  series  of  theae- 
numbers  is  formed   from  the  foregoing  series,  by  adding  1,  2,   3»   Ac.,   of  its- 
terms  to  form  the  corresponding  terms  of  the  sacceeding  series,  as  will  be  obyions  in- 
the  following  orders  ol  the  fignrate  nnmbers,  with  their  general  terms. 

Series  of  units  1,    1,    1,    ],     1,      1,      1,      1,      1^      1,  &c 
F.  N.  of 
First  order       1,    2,    3,    4,    5,      6,      7,      8,      9,    10,. ..n. 

Second  order   1,    3,    6,10,15,    21,    28,    36,    45,    S5,,..^^'[}\ 

1.2 

Third  order      1,    4,10,20,35,     56^    84,  120,  165,  220,...?^!i±ll<?±i\ 

'  1.2.8 

Fourth  order    1,    5,  15,  35,  70,  126,  21  Oj  330,  495,  715,...!^^mi^±?i?^^^. 

1 .2.0.4 

&C.,  ftc. 

And  the  general  term  of  the  series  of  figurative  numbers  of  the  rth  order  will  be 

n(n-\rl){n  +  2) jn-i-r-l) 

1.2.3.. .  .7" 

It  may  here  be  remarked  that  the  sncccssiye  orders  of  the  series  of  figurate* 

numbers  arise  from  a  series  of  units ;  but  the  different  series  of  polygonal  numbers. 

are  produced  from  the  sums  of  arithmetical  progressions,  which  hare  the  same  first 

terms,  but  not  the  same  common  difference.     Hence  it  cannot  be  afiirmed  that  any 

series  of  figurate  numbers  (with  one  exception^  is  identical  to  any  aeriea.  of  poly«- 

gonal  numbers. 


EXEECrSES. 

I. 

1.  Explain  tlie  meanings  of  the  words  combinationsy  permutations, 
;and  variations,  and  give  examples. 

2.  Of  the  letters  a,  b,  e,  d,  e,  write  down  the  variations,  when 
taken  two  and  two,  and  their  combinations  when  taken  three  and  three 
together. 

3.  Beqnired  the  variations  of  every  four  of  the  six  characters 
^a,  0,  a,  h,  bf  e. 

4.  Of  what  number  of  things  is  the  number  of  permutations  120  ? 

5.  How  many  different  numbers  can  be  formed  by  the  permuta- 
'tions  of  the  figures  of  the  number  48555  ?  Write  them  out  fully. 
(Lila/vati.) 

6.  How  many  numbers  can  be  formed  out  of  any  five  of  the  figures 
122333444455555  ? 

7.  How  many  numbers,  integral  and  decimal,  can  be  formed  with 
die  digits  012345,  taking  three  to  form  each  number? 

8.  How  many  fractions  can  be  formed  with  the  nine  digits,  taking 
tme  only  for  the  numerator  and  denominator  of  each  fraction  ?  Shew 
how  many  are  identical  in  value,  and  how  many  pairs  of  which  one  is 
.the  reciprocal  of  the  other. 

9.  Find  the  number  of  variations  of  five  things,  a,  b,  c^  d,  e,  with 
repetitions,  when  they  are  taken  2  at  a  time,  and  when  3  at  a  time ; 
iBrrite  also  all  the  variations  at  length. 

n. 

1.  If  the  number  of  variations  of  n  things  taken  3  at  a  tiuio, 
be   12  times  the  number  of  variations  of  -  things  taken  3  at  a 

time ;  what  is  the  number  of  permutations  of  the  same  n  things  ? 

2.  The  number  of  combinations  of  n+l  things  taken  n^l  at  a 
time  is  36 ;  find  the  number  of  permutations  of  n  thing.'. 

3.  If  the  number  of  combinations  of  n  things  taken  5  together 
ibe  proportional  to  the  number  taken  3  together,  as  3  is  to  5 ;  find  ». 

4.  The  number  of  combinations  of  a  certain  number  of  things  taken 
four  at  a  time  bears  to  the  number  taken  two  at  time  the  ratio  of  15 
to  2 ;  what  is  the  number  of  things  ? 

5.  The  number  of  variations  of  n  things  taken  r  at  a  time  is  272, 
and  the  number  of  combinations  136 ;  find  n  and  r. 

6.  If  the  ratio  of  the  numbers  of  combinations  of  n  things  taken  r 
at  a  time  be  to  the  number  taken  r— 1  at  a  time  as  9  to  4,  and  their 
variations  be  as  9  to  1 ;  find  the  values  of  n  and  r. 

7.  If  the  variations  of  n  letters  taken  three  together  be  six  times  as 
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great  as  the  number  of  combinations  of  tbe  same  letters  taken  four  at 
a  time ;  find  the  value  of  n. 

8.  If  the  number  of  the  combinations  of  2»  things  taken  n — 1  at  a 
time  be  to  the  number  of  (2n—  1)  things  taken  n  at  a  time  as  396  to  231 ; 
find  the  value  of  n. 

HI. 

1.  Express  in  words  the  meaning  of  the  equation  "Cj»^V^4>  ^^^ 
find  the  value  of  n  ? 

2.  There  are  n  things  of  which  p  are  alike,  and  the  remainder  n— ^ 
different.  Shew  how  to  find  the  number  of  variations  of  them  taken  r 
together  ?    Ex.  n  =  7,  ^  =  3,  r  =  3. 

3.  Of  the  combinations  of  n  things  r  at  a  time  ;  how  many  of  them 
do  not  contain  any  of  p  of  the  n  things  ? 

4.  Of  the  combinations  of  n  things  r  at  a  time,  how  many  of  them 
will  contain  q  out  of  p  of  the  n  things  ? 

5.  How  many  permutations  can  be  made  of  the  letters  a*h*? 

6.  Of  how  many  divisors  does  fl"^<?'*  admit  ?  Find  the  number  of 
the  divisors  of  76500  ? 

7.  Shew  that  if  two  of  the  n  things  be  alike  when  they  are  com- 
bined r  at  a  time,  the  number  of  combinations  will  be  diminished  by^ 
(n— l)(n-2) (n-r+l) 

1.2 (r-1) 

ly. 

1.  Of  the  combinations  of  20  different  things  6  at  a  time;  find 
how  many  of  them  do  not  respectively  contain  1,  2,  3,  4,  5  of  any  six 
specified  things  ? 

2.  There  are  16  things  of  which  3  are  alike ;  find  the  number  of 
combinations,  and  also  the  number  of  variations  of  those  things 
taken  4  at  a  time. 

3.  In  how  many  ways  could  combinations  of  6  things  be  chosen 
from  3  different  sets  of  n  things  each,  no  combination  having  more 
than  3  things  from  any  one  set  ? 

4.  How  many  of  the  variations  and  permutations  of  the  letters 
a,  h,  e,  dy  e,  f  can  be  formed,  so  that  the  letters  a,  b  may  stand  first  in 
each  variation  and  permutation  ? 

5.  Find  the  variations  of  7  letters  taken  4  together,  when  3  of  the 
7  letters  are  alike.  In  how  many  of  them  will  this  letter  appear 
twice? 

6.  In  the  variations  which  can  be  formed  from  the  seven  letters* 
a,  h,  c,  d,  e,  /,  ff,  taken  five  together,  find  how  many  will  contain  the 
letter  a. 

7.  How  many  arrangements  can  be  made  out  of  the  first  nine^ 
letters  of  the  alphabet,  all  the  letters  being  taken  in  each  arrange- 
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ment,  and  no  two  of   the  first  four  letters  being  together  in  any 
arrangement  ? 

8.  How  manj  combinations  will  there  be  in  ten  letters,  a,  b,  e,  d,  e, 
/>  y»  ^>  ^9  h  taken  five  at  a  time  ?  In  how  many  of  these  will  a^  h,  and 
c  occur  ? 

V. 

1.  Find  the  number  of  permutations  which  can  be  formed  out  of 
the  letters  composing  the  words  Mississippi,  Oonstantlnople,  Heliog^- 
balus,  misadministration. 

2.  How  many  combinations  can  be  formed  by  taking  one  vowel 
with  two  consonants  of  the  English  alphabet  for  each  combination  ? 
By  how  many  would  the  combinations  be  increased  if  the  Yowel  was 
made  to  occupy  the  first,  the  second,  and  the  third  place  of  the  throe 
letters  ? 

3.  How  many  different  sums  could  be  paid  with  nine  pence,  nine 
shillings,  nine  sovereigns,  and  nine  ten-pound  notes  ? 

4.  How  many  different  sums  can  be  formed  with,  a  guinea,  a  half- 
guinea,  a  crown,  a  half-crown,  a  shilling,  and  a  sixpence  ? 

5.  A  square  is  divided  into  16  equal  squares  by  vertical  and 
horizontal  lines.  In  how  many  ways  can  4  of  these  be  painted 
white,  4  black,  4  red,  and  4  blue,  without  repeating  the  same  colour 
in  the  same  vertical  or  horizontal  row  ? 

6.  Shew  that  if  r  of  n  things  be  of  one  kind  and  all  the  rest 
different,  the  number  of  permutations  of  the  n  things  is  equal  to  the 
number  of  the  combinations  of  n  different  things  taken  r  at  a  time. 

7.  Find  the  number  of  triangles  into  which  a  polygon  can  be 
divided,  of  4,  5,  6,  7  .  .  n  sides  respectively,  by  joining  the  angular 
points  of  the  polygons. 

8.  How  many  triang^ular  pyramids  may  be  formed  whose  edges 
are  six  given  straight  lines,  of  which  the  sum  of  any  three  will  form 
a  triangle  ? 

9.  If  a  bag  contains  8  white  balls  and  5  black,  if  7  be  taken  out 
at  a  venture,  how  many  different  sets  consisting  of  4  white  and 
3  black  balls  can  be  formed  ? 

10.  An  urn  contains  12  black  balls,  9  white,  and  6  red ;  bow  many 
different  sets  can  be  formed  by  taking  3  black,  2  white  balls,  and 
1  red  to  form  each  set  f 

•^  YI. 

1.  In  how  many  ways  can  a  party  of  2»  people  be  arranged  in 

couples  ? 

2.  Shew  that  nine  persons  can  occupy  four  places  at  a  round  table 

3024  different  ways. 

3.  Find  the  number  of  ways  in  which  n  men  can  be  placed  in  a 
row,  so  that  two  given  men  shall  not  be  next  each  other. 
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4.  Oat  of  2»  men  wbo  haye  to  sit  down,  half  of  them  on  each  side 
of  a  long  table,  p  particolar  men  denxe  todt  on  one  mde^  and  q  on  the 
other ;  find  the  number  of  ways  in  lAieh  this  may  be  done. 

5.  There  are  three  csndidates  for  a  certain  office  and  twelve  electors. 
In  how  many  different  ways  is  it  posdble  for  them  to  vote,  and  in  how 
many  of  these  ways  will  Ihe  Totes  be  equally  divided  between  the 
candidates  ? 

6.  Assuming  that  each  of  n  courts  sends  an  ambassador  to  each  of 
the  others ;  how  many  ambassadors  would  there  be^  and  in  how  many 
different  ways  could  they  be  distributed  ? 

7.  From  a  company  of  50  men,  four  are  draughted  off  every  night 
to  guard.  On  how  many  different  nights  can  a  different  guard  be 
posted,  and  on  how  many  of  these  will  any  particular  soldier  be 
engaged  ? 

vn. 

1.  How  many  permutations  can  be  formed  on  the  musical  scale  of 
seven  notes  ? 

2.  How  many  different  changes  can  be  rung  with  a  peal  of  nine 
beUs? 

3.  Find  the  number  of  different  arrangements  that  can  be  made  of 
the  prismatic  colours,  so  that  the  blue  and  green  shall  not  come 
together. 

4.  How  many  are  the  combinations  in  one  composition,  with  in- 
gredients of  six  different  tastes,  sweet,  pungent,  astringent,  sour,  salt, 
and  bitter,  taking  them  by  ones,  twos,  &c.  ?    (LHavati.) 

5.  In  how  many  different  ways  can  a  volunteer  shooting  at  a  target 
score  16  in  9  shots ;  a  bull's-eye  counting  3,  a  centre  2,  an  outer  1,  and 
a  miss  0  ? 

6.  How  many  squads  can  be  formed  of  a  company  of  100  men  ? 
How  many  men  must  be  taken  to  form  the  greatest  possible  number 
of  squads  ? 

7.  How  many  changes  can  be  made  by  throwing  1,  2,  3,  4,  5,  6 
dice  respectively  ? 

8.  The  four  faces  of  a  tetrahedron  are  marked,  as  a  common  die, 
with  one,  two,  three,  four  points ;  how  many  changes  con  be  made  in 
throwing  1,  2,  3,  4,  5,  6  tetrahedrons  respectively? 

9.  There  are  three  boxes  seyerally  containing  n,,  n,,  n,  letters ; 
how  many  different  combinations  can  be  formed  by  taking  rj,  r^  r, 
letters  respedively  out  of  each  of  the  three  boxes  ? 

Tin. 

1.  The  number  of  permutations  of  2n  things  whereof  half  are 
alike,  and  the  other  half  alike,  but  different  from  the  first  half,  is 
equal  to  the  greatest  number  of  combinations  that  can  be  formed  of  2n 
things  whereof  none  are  alike. 
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2.  The  ratio  of  the  number  of  combinations  of  4n  things  taken  2n 
together  to  that  of  2»  things  taken  n  together  is  m'q  5       /o^Zm*' 
8.  If  "CU^  =  "C7H.r/,  find  the  value  of  n. 

4.  If  !^-!^''-!^S  thenn  =  34andr  =  14. 

2    "  3  "    4 

5.  All  the  combinations  of  n  things,  p  of  one  kind,  q  of  another, 
and  r  of  a  third  kind  is  equal  to  (1  +i>)(l  +q){l+r)  - 1. 

6.  Determine  the  number  of  combinations  and  of  variations  \rhich 
can  be  formed  with  a*¥<^d,  when  five  letters  are  taken  to  form  each 
combination  and  each  variation. 

7.  There  are  n  alike  of  each  of  the  m  letters  a,  h,  e  .  ,  ,;  find  the 
whole  number  of  variations  which  can  be  made  of  them  without  taking 
more  than  n  letters  together. 

8.  If  n  points  in  a  plane  be  joined  in  all  possible  ways  by  in- 
definite straight  lines,  and  if  no  two  of  the  straight  lines  be  parallel, 
and  no  three  pass  through  the  same  point  (with  the  exception  of  the 
n  original  points),  then  the  number  of  points  of  intersection,  exclusive 
of  the  »  points  wiU  bo  »(.n-l){n-2Xn-Sl 

9.  Supposing  the  three  sides  of  a  triangle  to  be  designated  by  the 
letters  a,  h,  c,  and  their  several  opposite  angles  by  A,  £,  C;  deter- 
mine (1)  the  several  combinations  of  these  six  elements,  taken  3  and  3 
together.  (2)  The  number  of  actually  difEerent  cases  which  these 
contain  for  the  determination  of  any  fourth  element,  and  their  several 
forms.  (3)  The  several  cases  in  which  this  last  problem  is  determinate, 
limitedi  or  unlimited. 


Verily  the  truth  of  the  following  properties :  — 

1.  "f;— "-^r,=r.-*F;.,. 

2.  "+^P=(w+l)."P. 

3ii/nr  _      ^*      n-I/Y 
•       L'f  —  .        L-f, 

n — r 
4.  "r^  =  «(»— 1). ...  (n— rX^""'*+^)-"^»-r   if  r  be  greater  than  - . 

,.^  _  (2n--l)(2»~3)  . . . .  (2n-2r+l)  np 

1.3 (2r— 1) 

«(?r—  1) 


THE  J5IN0MIAL  AND  POLYNOMIAL  THEOREMS. 

Art.  1.  The  Binomial  Theorem  is  one  of  the  most  important 
theorems  in  the  science  of  Algebra,  as  it  is  equally  applicable  for  the 
2)rocesses  of  involution  and  evolution,  as  well  as  in  many  investiga- 
tions in  the  higher  branches  of  analysis. 

The  law  of  the  successive  coefEcients  of  any  power  of  a  binomial 
was  known  to  Vieta ;  and  Briggs,  in  his  "  Trigonometrica  Britannica," 
appears  to  have  been  the  first  to  point  out  how  the  terms  of  any 
power  of  a  binomial  might  be  successively  deduced  from  each  other 
without  any  aid  of  the  lower  powers.  It  may  be  doubted,  as  Wood- 
house  has  remarked  in  his  '*  Principles  of  Analytical  Calculation," 
whether  Briggs  knew  how  to  express  generally  the  law  for  the 
formation  of  the  coefficients  of  the  expansion  of  a  binomial.  Newton 
was  the  first  who  discovered  that  the  binomial  theorem  was  as 
competent  to  denote  evolution,  or  the  extraction  of  roots,  as  it  was  to 
denote  involution,  or  the  raising  of  the  powers  of  a  binomial.  From 
this  extension  of  the  theorem  many  improvements  have  arisen  in  the 
higher  departments  of  analytical  science,  and  especially  in  logarithmic 
and  other  series.  The  process  by  which  Newton  made  his  discovery 
has  been  already  described  in  his  own  words.*  He  attempted  no 
general  proof  of  the  truth  of  the  theorem,  but  contented  himself  by 
exhibiting  its  truth  from  an  induction  of  particular  instances.  In  the 
examples  he  adduced  he  found  them  all  to  succeed,  and  verified  the 
correctness  of  them. 

The  first  general  proof  of  this  theorem  when  the  index  is  a  positive 
integer  was  given  by  James  Bernoulli,  and  was,  after  his  death, 
printed  in  his  ''  Ars  Conjectandi,"  in  1713.  His  proof  is  based  on  the 
theory  of  combinations.  Since  that  time  numerous  attempts  have 
been  made,  with  more  or  less  success,  to  exhibit  a  general  demonstra- 
tion of  this  theorem,  whether  the  index  be  integral  or  fractional, 
positive  or  negative. 

Some  of  them  have  been  conducted  by  the  introduction  of  incre- 
ments, or  the  method  of  limits,  and  on  this  account  have  not  been 
regarded  as  satisfactory  elementary  proofs.  Euler  gave  a  proof  in 
which  he  employed  the  differential  calculus ;  he  also  devised  another 
proof  depending  on  elementary  principles,  which  has  been  generally 
received,  though  not  without  objection. 

There  is  also  a  proof  which  is  made  to  depend  on  the  value 

*  Iq  the  third  and  following  pages  of  Section  III.  of  this  work. 
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of  tlie  coefficient  of  tlie  second  term  of  the  expansion,  which  can  be 
rshewn  to  be  equal  to  the  index  itself. 

The  development  of  the  multinomial  or  polynomial  theorem  was 
dfirst  exhibited  by  De  Moivre  in  the  "  Philosophical  Transactions  of  the 
Hoyal  Society." 

2.  To  find  an  expression  for  tlie  expansion  of  (iP+a)",  or  to  shew  the 
iruth  of  the  binomial  theorem,  when  the  index  is  a  positive  integer. 

It  is  obvious  that  the  products  of  two,  of  three,  and  of  four 
binomial  factorsi  can  be  exhibited  in  the  forms 

(a?+a,)(a:+«,)(^+«3)  =  ^+(«i +«a+«3y+(«l«i+M»+«««5>+«l»/f«• 
'{^+«l)(«+«0(«+<»»)(^+^4)  =  ^*+(«i+<»j +«8+«4K 

+ {a^a^i+aia^^+ tfi^a^ +^3^4)^+ ^i<'s^^4' 
Suppose  this  to  be  true  for  the  product  of  n  factors,  and  denoting 
the  successive  coefficients  by  Cy^  €2,  e^. .  ,0r. » .  c^ 

(a:+<»i)(a?+a,)  . . .  (x+a^)  =  af+Cia*-^+eifl^'\' . .  .+a;""''tf^+ . . .  +^"i 
of   which  product  the  first  term  is  x*,  and  the  succeeding  terms 
involve  a^\  «""*,  &c. 

Also  the  ooefficient  of  the  first  term  is  unity, 
and  Ci  the  coefficient  of  the  second  term  is  the  sum  of  the  n  terms, 

^i>  ^>  •  •  •  ^i»i 

e^  the  coefficient  of  the  third  term  is  the  sum  of  the  products  of 

«very  two  of  them. 

e^  the  coefficient  of  the  fourth  term  is  the  sum  of  the  products  of 
every  three  of  them,  &c.,  &c. 

e,  the  coefficient  of  the  (r+l)th  term  is  the  sum  of  the  products 
of  every  r  of  them,  &c,  &c. 

And  Cn  the  last  term  is  the  product  of  all  the  n  terms. 

By    introducing    another    factor,   x+a^+if   into  this  product,   it 

becomes  («+ai)(a+a,)(a;+03)  •  •  •  (a?+»0(^+*«+i) 

And  it  appears  that  Cy+an+n  ^^®  coefficient  of  the  second  term  of 
-the  product,  consists  of  the  sum  of  the  second  terms  of  the  n+l 
binomials ;  also,  the  coefficients  of  the  third,  fourth,  &c.,  terms  consist 
of  the  products  of  every  2,  3,  4,  &c.,  respectively,  of  the  second  terms, 
and  that  the  last  term  consists  of  the  product  of  all  the  n+1 
terms. 

Hence,  if  the  form  of  the  product  be  true  when  there  are  n  factors, 
it  will  also  be  true  when  there  are  n+ 1  factors. 

But  by  actual  multiplication  it  has  been  shewn  to  be  true  for  two, 
three,  and  four  factors;  it  is  therefore  true  for  4+1  or  five  factors, 
and  for  5  + 1  or  six  factors,  and  also  for  any  number  of  factors,  and 
consequently  it  is  generally  true, 
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tliat  is  {s!+a,Xx+a^) . . .  (ar+ff,)  =a?»+^ia;*-»+r:^"-'+r^"-*+  . . . 

+e^'+  . . .  +c^ 
Now,  when  a^  Oo,  (hf  •  '^n  become  each  equal  to  a, 
then  Ci  —  a+fl+a+  . . .  to  ti  terms  =  na, 

c,  =  a'+a'+a'+  ...  to  ^^^^l^  terms  ^ ?^^!^rl).fl«. 

1.2  1.2 

c,  =  <^W+^+  . . .  to  !!<!Lr.lXgzi)  terms  :.<^-^Xn:ilU3^ 

1.2.3  1.2.3        .     ' 

&c.,  &c. 

*,  =  (^+a'+ar+  ...  to  «('»-l)---('»->-+l)  terms 

1.2.  ..r 


1.2.. .r  ' 


e^=:a,a,a,.  .to  n  factors  =  a*. 
Making  these  substitutions  for  c^^  e^,  ^,,  &c.,  in  the  expression 
(x+OiXx+ai) . . .  {x+a,)=af'+c^a!*''^-c^*~^+  . . .  +0^"^+  . .  ,  +c^f, 
it  becomes 

(x+aY  =  sf^+n:^''a+'^^^la^'a^+!^^ 

^        ^  1.2  1.2.3 

^n(n-l)...(n-2+l)^..^, . . .  +^,. 

1.2. .  .r 

which  is  the  general  expansion  of  the  binomial  theorem  when  the 

inddk  is  a  positive  integer,  and  the  (r+l)th  term  is 

»(n— l)...(w+r+l)^-r^r 
1.2.3. ..r 
The  theorem  may  also  be  written,  making  the  last  term,  and  suc- 
cessive preceding  terms,  the  first,  second,  third,  &c.,  terms;  since  tlie 
combination  of  any  number  of  things  in  any  case  is  equal  to  th» 
complementary  combination  of  the  same  number  of  things. 

1.2  1.2.0 

The  expansion  of  {x  —  ay  can  be  deduced  from  that  of  the  ex- 
pansion of  (fl+a?)"  by  writing  in  this  expansion  — x  for  +x, 

^        ^  1.2  1.2.3 

1.2. ..  r 
in  which  the  terms  are  alternately  positive  and  negative. 
3.  Ifa?  =  «  =  l, 

Then  (ar+fl)"  becomes  (1 -I- 1)*,  or 

2"  =  1  +w4-^^^""^^ j,^^^^""^^^^'" ^^4-         .  w(w-l)...2.1 
^  1.2     "^         1.2.3        ^"        1.2...(w— ly 

1.2     ^         1.2.3 
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•or  the  total  number  of  the  combinations  of  n  things  taken  1,  2,  3 . . .  n 

respectively  at  a  time  is  equal  to  2* — 1. 
Also  {x — a)"  becomes 
(1-iy^l^^+Kn-l)    n(n^l)(n-2)    n{n^\){n^2){n^^) 
^         ^  ^1.2  1.2.3        ^  1.2.3.4  ' 

,  ,  ,  n(n— 1)  .  n(»— l)(n— 2)(w— 3)  ,   «        ^  .  «(»-l)(«— 2)  .  -^ 

or  the  sum  of  the  coefficients  of  the  terms  in  the  odd  places  of  the 
expansion  of  (^r+a)"  is  equal  to  the  sum  of  the  coefficients  in  the  even 
plabeSy  and  each  is  equal  to  2"~^ 

4.  The  number  of  terms  in  the  expansion  of  (^+a)"  is  n+1  when 
the  index  is  a  positive  integer. 

The  series  of 

1.^  l.iS...  (91  ^  Li 

The  first  power  of  x  occurs  in  the  second  term  of  the  series,  and 
the  indices  of  the  powers  of  x  in  each  successive  term  are  increased  by 
unity,  and  the  series  ends  with  the  nth  power  of  ^ ;  it  is  therefore 
obvious  that  the  series  for  (ff+o?)",  when  n  is  a  positive  integer, 
consists  of  n+1  terms. 

5.  The  coefficients  of  all  the  terms  of  the  series  are  integers  when 
the  index  is  a  positive  integer.* 

This  is  also  obvious  from  the  fact  that  the  successive  coefficiehts  of 
the  expansion  are  the  successive  numbers  of  combinations  of  n  things 
taken  1,  2,  3,  &c.,  at  a  time.  The  coefficients  of  the  terms  of  the 
«eries  reckoned  from  the  first  term  continually  increase  in  value, 
AS  also  the  coefficients  of  the  series  reckoned  from  the  last  term,  and 


*  The  coefficientB  of  the  terms  ia  the  expansion  of  (a  +  x)*  may  be  shewn  to  be 
integers  when  the  index  n  is  an  integer,  without  assuming  them  to  be  the  number  of 
combinations  of  n  things  taken  1,  2,  8 ....  n  respectively  at  a  time. 

Generally  the  coefficient  of  the  (r+l)th  term  of  {a+x)^  is 

n(n-l)(w-2) .  . . .  (n— r  +  l) 

la2.0....7* 

in  which  there  are  as  many  factors  in  the  numerator  as  in  the  denominator. 

First,  n  must  be  of  one  of  the  forms  2m  or  2m + 1, 
and  .*.  one  of  the  first  two  factors  in  the  numerator  is  divisible  by  2. 

Secondly,  n  must  be  of  one  of  the  forms  8m,  8m + 1,  3m + 2, 
and  .  *.  one  of  the  first  three  factors  in  the  numerator  is  divisible  by  3. 

Thirdly,  n  must  be  of  one  of  the  forms  im^  4m  + 1,  4m  +  2,  4m  +  3, 
and  .  *.  one  of  the  first  four  factors  in  the  numerator  is  diyisible  by  4* 

Similarly,  n  must  be  of  one  of  the  forms  rm,  rm + 1,  . . . .  nn  +  (r  - 1). 

.'.  one  of  the  first  r  factors  in  the  numerator  is  always  divisible  by  r. 

Hence,  since  the  coefficient  of  the  (r+l)th  term  is  a  general  expression  for  any 
term,  and  it  has  been  shewn  that  it  is  divisible  by  some  whole  number  between  2  and 
r  indusive,  it  follows  that  every  coefficient  of  the  expansion  of  (a + a;)**  will  be  v^ 
integer  when  the  index  n  is  an  integer. 
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tliat  when  n  is  an  even  number,  there  will  be  one  middle  term  of  the 
series ;  but  when  n  is  odd,  there  will  be  two  middle  terms. 

The  coefficients  of  the  second,  third,  fourth,  &c.,  terms,  reckoned 
from  the  end  of  the  series,  being  the  complementary  combinations  of 
the  second,  third,  fourth,  ftc.,  terms,  reckoned  from  the  first  term  of 
the  series,  are  consequently  equal  to  one  another. 

Since  there  are  n+l  terms  in  the  expansion  of  (a+xY,  and  when  n 

is  an  even  number,  the  middle  term  of  the  series  will  be  the  y^+l  )th 
term. 


n(n-.l)(«-2)...(n-?+l)     .. 
of  {a+xy  = ^^ ^ ^a""V 


The  middle  term 

1.2.3... 
2 


'(«-l)(«-2)...(|+l)    .. 


1.2.0 .  • .  — 


.aV. 


2 

This  may  be  exhibited  under  the  equiyalent  forms 

«(n-lXn-2)....3.2.1  J^^   ^4  {n-l)(n-Z). .  ^S.S.l  j^/.J 

(I.2.3....  —  I  1.2. 3.... .— 

2/  2      2 

When  n  is  an  odd  number,  n-fl  is  an  even  number,   and  the 
two  middle  terms  of  the  expansion  of  (a+x)*  are  the  -^th  and  the 

/^^VlV  terms, 

»(«-  l)(n-2) ....  5+5  ^  .^^ 
These  two  terms  are x  '  a  * ,  and 

i.^.t)...*  — — 
2 

^/       i\/       ck\         w-|-3  ^"4-1 

n(w— l)(n-2) ^— 5-    M:! -1 

? ^.x  'a'. 

1  9  ^       »*— 1  >>-n 

2         2 
Tliese  also  may  be  exhibited  under  the  forms 
n(n-l)(fi-2)....3.2.1  *-=^  ^        ,  »(»-l)(n-2) ....  8.2.1  J±i  ?=! 

(l.2.8....5±l)  (l.2.3....^ij 

and  they  may  be  reduced  to 

\n-VAn-S).     SS.l^^J^J^^  and 
1,2.3. ..5±i 
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(n-l)(n-3),.. 5.3.1^?  a^  ^^ 

1.2...!^ 
2 

6.  When  the  exponent  is  a  negative  integer. 

The  expansion  of  {a+z)"^  can  be  derived  directly  from  the  ex- 
pansion of  {a+x)*. 

Since  (a+x)"'  = . = 

^        '        {a+xy     a"+na— »a;+&c. 

The  series  for  {a+x)~*  will  be  found  by  dividing  1  by 
a"+fia"~*d;+&o.,  and  as  at  no  step  of  the  division  can  the  remainder 
be  zero,  it  follows  that  the  number  of  terms  in  the  expansion  will  be 
unlimited,  and  the  expansion  will  be 

ra+ar^--^       nx     n(n+l)     «»      fi(n  +  l)(n+2)    ai'   , 

.n(n+l)...(n+r-l)    of        ^^ 
1.2...r  '«•+'*" 

1.2  1.2.3 

1.2..  .r 

The  expansion  of  (a— a:)"^  is  deduced  from  this  by  writing  — x  for 
+x. 

^         '  1.2  1.2.3 

^n(n+l)...(n+r-l)^^^^  . . 
1.2.  .r 

7.  In  the  expansions  of  (a+x)*  and  (a— a?)",  (a+ar)"*,  (a— a:)-",  if  a 
be  taken  equal  to  unity,  the  series  assumes  a  form  more  convenient 
for  effecting  expansions,  when  the  exponent  is  not  a  positive  integer. 
When  a  becomes  unity,  the  four  expansions  are 

(l+x)'  =  l+ns+<^\^+^J!^^^±\^+ .... 

_t_ii(»-l)(n-2)...(n-r+l) 

+ 1.2.3. ..r '^^  ...+»r. 

(1— «)"=  1— «j;+-A-^-  ^.a»-_i__A_ '.3^+  .... 

_^_n(»-l)...(n-r+l)^^_^y^       +«"(-l)-. 
1.2 ..  .f* 

(i+,r =i-„.+r^)..'-'L('i+^i^+J).^+ .... 

<n+l)(n+2)...(H+r-l)  ^/^y  . 
^  1.2.3.,.r  ■    *"       '      "" 
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(1 -X)-"  =  1 +«^+!?(!?±ll.*'+<5±lX5±?).  ;t»+ . . . . 

1.2  1.2. o 

.  n(n+l)(«+2)  . . .  (n+r-l)     , 

8.  The  expansion  of  {a+x)*  may  be  exhibited  in  an  infinite  series 
of  the  following  four  forms  : — 

(1)  «+x  =  <f±£).-i! ^ ail-JL  \-\ 

a  a  X  {        a-\-x) 

a-\'X  a-^-x 

and  (a+;2;)"  =  a-|l— ^  l"'"„«-/l+!?  JL.j^'^^l±l)  .    ^ 
^         ^  1        a+x)  I    ^Ta+a:^     1.2     '{a+xf 

y»(n+lXn+2)       ar»  )^ 

■^        1.2.3        '(a+x)'"^""- j 

X  X  a  {        a-^-x ) 

a+x  a+x 

^         ^  I        a+xj  )    ^ra+ar^     1.2     •(»+«)^ 

.«(n+l)(«+2)       «»      .         ) 
^      ~1.2.3'~  •(^\r)"»^""i 

^  '  2a         a+a  x—a         {       x+a ) 

a+x       '^x+a 

(«+*)•  =  2"«"i  !-?=£  r"  =  2"«"|  i+^Y^nl^ 

(        a:+«  >  I        1  Xs+a/ 

_L.<n+l)  /x-oV^n(n+l)(»+3)  /x-a\*  \ 

'^~r:r-\j+^)'^    no    •v-h/    / 

(4)  a+.-.?%i:f)-_ 2f_  _2^ -2*{  !_?=?  I- 

x+a  a+x 

(a  |-a?)-  =  2v/  l-f!i:?  l""  = 

2-.r- 1 1+!?7^+K^+^)  /^-^y^n(n-hl)(ti-h2)  (0^)'+,,^^  \ 
I        1  \aW         1.2       \a+x)  1.2.3         'Va+a;/  / 

9.  To  find,  the  expansion  of  the  polynomial  theorem  when  the  index  is 
a  positive  integer  and  t/is  polynomial  consists  of  3,  4,  5,  or  any  number  of 
terms. 

The  expansion  of  any  power  of  a  polynomial  consisting  of 
3,  4,  5y  or  n  terms  respectively,  can  be  directly  effected  when  the 
index  is  a  positive  integer  by  means  of  the  binomial  theorem. 

First,  to  find  the  expansion  of  {a+h+cY  and  the  general  term 
of  the  expansion  when  the  polynomial  consists  of  three  terms. 

Hero  a+h  ov  h+e  may  bo  considered  as  a  single  quantityi 
then  {a+h+cy  ^{{a+h)+cY 
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=  («+J)-+»(a+J)«-V+*?(^il.(a+ J)--V+!!i±ri)(4=l>.  (a+ J)-V 

and  each  of  the  terms  (tf+^)",  (« + J)'"',  &c.,  can  be  expanded  by  the 
binomial  theorem,  and  all  the  terms  of  the  expansion  determined. 

To  find  the  general  term  of  the  series  involving  a^h^<f. 

Here^+jr+r  =  »,  and  n—p  =  q+r.     Let  a+b+e-a+x^  or  x\+a. 

And  the  (^+l)th  term  of  the  expansion  of  (a?i+«)" 

_ n(n— l)...(n-;?+1)^ ,_,  ^, 

\,2...p  ' 

_  w(n- 1) . . .  (n— p+l).(n— ;?)(w— ;>— 1)  ...  3.2.1  ^-j,  ^p^ 

1.2. .  .^.(»— ^)(»— /^— 1)  •  •  •  *^-2.1 

t»(n-lj...3.2  1  ^^^,^,^^^ 


1.2  ..  .jp.(j?+r)(<?+r—l) ...  3.2.1 
And  the  (^+l)th  term  of  V"^'  or  {e+hy^'' 

1.2. .  .q 

^ (.q+r)(q+r-l) . . .  (r+l).r.(r-l) ...  3.2.1  ^  ^, 
1.2...5'.r(r-l)...3.2.1 
Therefore  the  complete  term  of  the  expansion  of  {a+h+cY  in- 
volving a'Jv 

^ <n— l)(w-2)...3.2.1  (y+r)f/7+r>-l)  .  .  .  3.2.1^,^,^ 

1.2.  ,  .p.{q+r){q+r^l)  . . .3.2.1'         1.2  . .  .^.  1.2  .  ..r 

^    «(n-lXn-2)...3.2.1    ^,  ^,  ^ 
1.2. .  .j».1.2  ...5'.1.2  . .  .r 
If  for  h  and  e  there  be  written  3a;  and  ex*,  the  general  term  of  the 
expansion  of  (a'\'bx+cx^)*  will  be 

1.2.  ..p. 1.2. . .  J.I.2..  .r 
To  find  the  number  of  terms  in  the  expansion  of  (rt+3+0". 

Here  {{a+h)+e]*  =  {a+hy+n{a^br-'c+!^^^^^^  . . . 

+n(a+J).c"-'+c'. 
Tho  number  of  terms  in  the  expansion  of  («+i)"    =»+l 

(«+>)"-'  =  «-! 

&C.  &0. 

»»  »y  n  <J"  — 1 

and  (»+l)+»+(«_l)+. . .  +2+1  =  ("t-Wr^l 

,-.  The  number  of  terms  in  the  expansion  of  {a+b-^-cy  is  (^+^)(^±^ . 

Next,  to  find  the  expansion  of  (<i+i+^+cf)",  and  the  general  term 
of  the  expansion,  when  the  polynomial  consists  of  four  terms. 
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Here  {a+h+e+d)''  =  {{a+h+c)+d}* 

km  ^ 

and  when  (tf+6+c)",  (a+3+c)"~S  &c.,  are  expanded,  all  the  terms  of 

the  expansion  of  {a^h-^-e-^dy  can  be  determined. 

To  find  the  general  term  of  the  series  which  involves  a^l'^ifd^. 
Here  i?+^+r4-«  =  «,  then  n—p  =  q+r+s,  n—p  —  ^  =  r+s. 
Also  let  a+5+c+(^=4?i4-»,  d+e+h  =  X2+h, 

Then  the  (;?+l)th  term  of  (a?t+g)'  =  ^^^^^ ' '  '^^"^"^^^•V"^g^ 

1.2  ...  jp 
^n(n--l)...(n-jP+l)  (n-;?)(w~p-l) ...  3.2.1  ^  ..,  ^, 
1.2...^  '(n—p)(n-^—l)..  .3.2.1'  ^ 

n(n-l)... 8.2.1  ^._,  ^ 

1.2..  .jp.(n—^)(n—p-l).  ..  3.2.1    ^ 

Next,  the  (5^+  l)th  term  of  x^*''  or  (a?j+^)*-* 

^  (n-;?)(n-y~l) . . .  {(n-;?)-y+l}  ^  ^^  j, 

1.2...^ 
^  (n-pXn-jt?~l)  . . .  (r+^  +  1)  (/'+g)(r+<-l)  . . .  8.2.1^  ^,  ^^ 
1.2...$'  '(rH-«)(r+«— 1)...8.2.1  *     *    * 

Thirdly,  the  (r+l)th  term  of  3:,"^^  or  {d-^e)^' 

_  (r+0(r+>-l) . . .  {(r+O-r+1}^^ 

1.2. ..r 
(r+*)(r+g-l)...(g+l)  <.(g—r...  8.2.1^,^ 
1.2...r  *«.(«— 1)... 3.2.1 

Hence  the  complete  general  term  of  the  expansion  of  {a+h+e+d)' 
involving  a^h''<fd^,  is 

n(n— l)(n--2) 3.2.1 (n— j?)(n-p— 1)  . .  .3.2.1 

~1.2.3...p.(n— /?)(»— J?— l)...3.2.ri.2..."j'.(r+«Xr'+/— l)...3.2.i' 

(r+,)fr+«-l)   ..8.2.1^,^^^^ 

=  n(n-l)(n~2)...3.2.1 ^,j,^^ 

1.2.3...p.l.2.3...jf.l.2.3...r.l.2.8...« 
If  for  hy  c,  d  there  be  written  hx,  cj^,  dx\  the  general  term  of  the 
expansion  of  {a+hx-^-ex^+ds^)*  will  be 

»(y>-l)(»— 2)  ...3.2.1 fl'i V(f j:^+*''+«*. 

1.2.3...p.l.2.3...^.1.2.3...r.l.2.3...» 
To  Und  the  number  of  terms  in  the  expansion  of  {a+h+€+d)\ 
Here  {{a+h+e)+dy=^{a+b+cy+n{a+h+e)^\d 

1 .  ^ 

The  number  of  terms  in  the  expansion  of  (a+h+cy    =  (?±p(H::2) 

1.2 

(<i+s+c)-'=n(?±l) 
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The  number  of  terms  in  tlie  expansion  of  (a+5+g)""^  =  -         ' 


1.2'  1.2 


And  (n+l)(n+2)     n(n+l)     (n-l)n     ^  ^  ^      3^     ! 
1.2         ^     1.2     ^     1.2  1.2^: 

^  J- 1  (n+l)(n+2)+n(»+l)+(n-l)n+  . . .  +3.2+2.1  } 

^(w+l)(n  +  2)(n+8) 
1.2.3 
And  by  a  similar  process  may  be  found  the  expansion  of  a  poly- 
nomial and  the  general  term  when  it  consists  of  5,   6 . . .  m  terms 
respectively,  as  also  the  number  of  terms  in  each  series. 

The  general  term  of  the  expansion  of  (a+J+(?+i+  . . . )"  can  be 
put  into  the  form 

»(w-l)...3.2.1 yt  e  d*  if  &c 

1.2.,.^1.2...^1.2...r.l.2...«.1.2...^,  ftc.-"*  '^  '^'"^'^^  ^""^ 

subject  to  the  condition  that  j?+<2'+r+«+<+  ...=». 
If  for  ly  r,  <?,  By  &c.,  be  written  hx^  ca^y  €br\  ex*,  &C. 
The  general  term  in  the  expansion  of 

{a+hx+ea^+djii'+ex*+  . . .  )• 
may  be  put  into  the  form 

n(n-l)(n-2)  . .  .3.2.1.-—^! —JL —^ — . . .  a^r+wa....  ♦ 

^         ^^        ^  1.2... I?  1.2...g'   1.2. ..r 

Subject  to  the  conditions,  j?+^+r+#+^+....  «»  and 
^+2r +3«+4^+. . . .  =  the  index  of  a;  in  the  particular  term. 

To  find  the  number  of  terms  in  the  expansion  of  {a+h+c+d., .)' 
when  the  polynomial  consists  of  m  terms. 

The  process  for  finding  the  number  of  terms  in  the  expansion  of 
(a+5+  . . .)"  is  evidently  the  same  as  that  for  finding  the  number 
of  terms  in  the  expansion  of  {a+h+e+d)* ;  the  only  di£ference  is  that 
4  in  the  expression  for  the  number  of  terms  in  the  latter  becomes  m 
in  the  former,  and  the  expression  for  the  whole  number  of  terms  in 
the  expansion  of  (tf+i+c+  . . . )"  is 

*  The  general  term  of  the  expansion  of  any  polynomial  can  be  employed  to  find 
the  snccessive  terms  of  the  expansion. 

To  find  the  first  five  terms  of  the  expansion  of  (a + 6a;  +  (»•  +  dx*  +  ca;*  + . . . . )". 
Tlio  general  term  of  the  series  is 

of  H  (f  d»  e«  9+ir+U+4t... 

1.2...27l.2...gl.2...rl.2...«1.2...t 
subject  to  the  conditions  j9  +  g'  +  r+5+<+  . .  .•-»,  and  g+2r+3a+.  .,.«■  Index  of  a^ 
The  first  term  of  the  expansion  involving  no  power  of  a;  is  obviously  a". 
To  find  the  second  term  involving  the  first  power  of  x. 
In  this  case  p+<7-in  and  9»1 ;  ,\p^n-l. 
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(ff+l)(n+2)(n+3)  . . .  (n+m-1) 
1.2.3...(/tt— 1>  ' 

wliicli  number  is  obviously  the  (n+1)  term  of  the  m&,  order  of  the 
fjgui'ate  numbers. 


and  tho  term  involving  x=l .  2 . 3 . . . « .  } .  -  }  «=«a"-*to, 

^  Jl.2...(»-1)  1  ) 

To  find  the  third  term  involving  a;'. 

Rere p-hq+r=n,  and  g+2r=:2,  which  can  be  satisfied  in  two  ways, 

when  g=0,  r=l ;  and  when  g=2,  r=0. 

.'.  p+0  +  l=n,  andjp=»-l,  |>+2+0=n,  j?=»«-2. 

Hence  the  term  involving  x* 


/ 


(1.2...(n-l)  1^1.2. ..(»-2)  1.2$ 

I  1.2  ) 

To  find  the  fonrth  term  involving  x*. 

Here^  +  2r+3«— 3,  and  j?+g+r +««=». 

The  condition  q  +  2r+3s=Z  can  be  satisfied  in  thi-ee  wayR, 

qmmO,  r—0,  «— 1,  .•,  p+l^n,  and^sn— 2. 

q^l,  r«-l,  *—0,        p  +  l  +  l  =  n,  and/>i-»-2. 

qm^Z,  r—0,  •■■0,       j)+3=«,  andi^esn— 8. 
Hence  the  term  involving  x* 

I  1.2. ..(»-l)  1^1.2. ..(w-2)  1  1^1.2. ..(»-3)  1.2.8  ) 

'  X.2.3  J 

To  find  the  fifth  term  involving  x*. 
Here  5'+2r+3»+ 4^—4,  and  p+^r+r +»+<«%. 
The  equation  9+2r+3«+4^a»4  can  be  satisfied  in  five  ways, 

qwmO,  r«0,  «-iO,  t^l,  .'.  ^+1— n,  and|?"»-l. 

qsmO,  r-2,  *— 0,  <—0,  .'.  |;  +  2en,  aadj7«7i-2. 

gr—1,  r—0,  »«1,  «=0,  .'.  i?  +  l  +  l"W,  and|7»7i-2. 

g«2,  r— 1,  «-0,  «=0,  .*.  ^  +  2  +  l  =  n,  and^«»-8. 

q^4,  r»0,  »=0,  <—0,  .'.  p  +  4—n,  and^«n— 4. 
Hence  the  fifth  term  involving  x* 


y 


(l.2...(»-l)  1^1.2.. .(7t-2)  1.2    1.2...(n-2)  1  1 

'*'l.2...(n-3)1.2*l"^1.2...(»-4)'l.2.8.4i* 

=  I  ?ift»-V  +  ^^^^" ^>.a"-V+»(n- 2)a"-«^x£+''^^" ^><^--^>.o'^^ 
(  1.2  1.2 

n(n-l)(n-2)(n-8)^^^| 
^  1.2.8.4  ) 

If  any  term  of  a  polynomial  be  negative,  it  will  be  found  more  convenient 
to  wi-ite  it  positive,  placing  the  negative  sign  over  the  term.  Instead  of 
(a  +  bx-cx^)*,  write  (a  +  ft-e  +  cc*)",  and  the  expansion  can  be  efiected  considering  all 
the  terms  positive.  In  the  final  reduction  of  the  terms  so  aifected,  the  odd  powen 
will  be  negative  and  the  even  powers  positive. 
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10.  7b  prove  the  trtdk  of  the  hinomial  theorem  generally,  whether  tlie 
index  he  integral  or  fractional^  positive  or  negative,  and  independently  of  the 
theory  of  combinations. 

First  {a+hy  may  bd  put  under  the  form  a"(l+ar)". 

Fora+5  =  «fl  +  -)  =  <l+a?),  if  -  =  ar;  and  (a+6)-  =  fl-(l+ar)-. 
\      a/  a 

In  the  following  proof  the  form  (1+^)"  wiU  be  employed  as  being, 
more  simple  than  {a+h)* : — 

By  involution,  evolution,  and  division,  it  may  be  shewn  that 
(l+xy=l+2x+x^,  (l+ar)»=l+3a?+.3a;«+ar', 
(l+a7)-«  =  1^2j;+3ar»-  &e.,  (1+3:)-^=  l-3a?+6jF'—  &c., 
(l+a?)*  =  l  +  la:— Jar»+  &e.,  (l+a:)*«l+ia?- Ja^+  &c., 
{l+x)-'^  =  l'-\x+lx^+  &c.,  (l+a:)-»=l— ^ar+|a?«+  &c., 
It  appears  that  whether  the  index  be  integral  or  fractional,  posi- 
tive or  negative,  tlie    expansions   proceed  regularly  by  increasing 
powers  of  Xy  and  that  in  every  case  the  coefiicient  of  the  second  term 
of  each  expansion  is  equal  to  the  index  with  its  proper  sign. 

Hence  it  may  be  assumed  generally,  whatever  be  the  value  of  the 
index,  that  (l+a;)"=:  1  +nx+Ax^+£a^+  Cr*+  &c..  when  B,  C,  D,  &c., 
are  to  be  determined.    In  this  expression  for  x  write  X'\'Z, 
Then  { 1  +(«?+»)}•  =  1  +n{x+z)+A{x+zy+£{x+sf+  C{x+zy+  &c. 

=  l+nx+Aa^+Ba^+  Ca^+  &c. 
+nz+2Azx+3JBz^x+^Cs^x+  &c.   omitting  higher  powers  of  x. 
And  {{l'\-x)+zy  =  {l+xY+n{l+xy''z+A{l+x)'^h*+  &c. 

=  l+nx+Aa^+£a^+  Cx*+  &c. 
+m\l+(n^l)x+A'a^+Ba^+Ca^+  &c.}+  terms  involving  ar,  £», 
&c.,  and  writing  A\  B,  C",  &c.,  for  A,  J?,  C,  &c.,  when  n  becomes  w—l. 

=  l+nx+Ax^+Bx^+Cx*+  &c., 
+nz+n{n — l)zx  +  nA'za^+nB'za^-^  &c. 
8ince  the  two  series  which   result  from  the  two  expansions  of 
(l+a;+a;)"are  equal;  omitting  the  terms  which  are  common  in  the 
two  series,  there  results  the  identity, 

2Azx+3Bza^+^Cz2^+  &c.,  =zn{n'-l)zx+nA'zs^+nBzj!^+  &c. 
And  equating  the  coefficients  of  the  corresponding  powers  of  x, 

2A=n(n^l\  and ^^<^-0. 
^        '  1.2 

And  putting  n- 1  for  n,  A'  =»  ^^zD^J^. 

SB^nA%  andi?  =  !^«!<!L=lI(!Lzi). 

3  1.2.3 

And  putting  »-l  for  n,  ^  -  (n-l)(n--2)(n-3) 
^         ^  1.2.3 

4C^nB,  and  ^^!^^<n-.l)(n-2)(n-jO^ 

4  1.2.3.4 

and  so  on  for  the  successive  coefficients. 
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And  lastly,  substituting  the  values  of  A,  B,  C,  &c.,  in  the  series, 
(l+;r)" - 1  +na?+uia;'+-ffj;>+  Cx^-\-  &c.,  there  results 

(l+a?)"«l+JM?+-^^-y-^«'+-i — j-|^ — ^ 

n(n^l)(n-2)(n-3)  ,4+  &e. 
^  1.2.3.4 

in  which  the  index  n  may  be  integral  or  fractional,  positive,  or  negative, 

and  since  a"(l  +ar)"  =  fl-(l  +- Y  =  («+*)", 

/    .  iN«      ,ft.*l        -I1.    *    w(n-l)  5'    fi(n~l)(n-2)  a» 

.(n-l)(n-2)(n~3)  ^  **      ^^    ) 
^  1.2.3.4  a*  J 

1.2  1.2.3 

and '  the   series  for  the  expansion  of  (tf +^)")  terminates  'with  the 
(n+l)th  term,  when  the  index  »  is  a  positive  integer ;  *  but  the  series 

*  Since  the  saccessive  coefficients  of  the  expanded  binomial  (I+2)"  denote  the 
nambers  of  the  combinations  of  n  things  taken  1,  2,  S,  ...  n  at  a  time ;  by  means  of 
the  products  of  two  or  more  binomial  series  some  carious  relations  may  be  found 
between  the  combinations  of  different  sets  of  things,  when  taken  1,  2,  8,  &c.,  at  a 
time. 

To  find  the  relations  between  the  corresponding  coefficients  of  the  two  series 
which  arise  from  the  expansions  of  (l+a;)''X(l  +a:)"—(l  +x)*". 

Let  C7j,  C^t  C^..,C^  denote  the  coefficients  of  the  expansion  of  (1  +s:)". 

and2>,,Z)„i>„.../?^        „  „  „  (l+aj)«-. 

Then  (1  +  CiO; + a,aj»  + . . .  (7.- laj^i  +  C,aj*)(l  +  Ci* + C7,x«  + . . .  (7»-iaf^i  +  (7,3!*) 

-l  +  2)ix+2>,x«+...  +i?ii.-ia?»-»+i)2i,aj»", 
orl+2(7,a;+(C«  +  2C.)a;*  +  (2C,+2a,a,)«»+(2C^  +  2C,(7,  +  C,«)x* 

+  (2(7,  +  Ci(74+2a,C,)x«  +&c.  =  l  +  i>,«+i>,aj«+i>saj'  +  i>4«*+i?aX"+&c., 
and  each  side  of  this  identity  consists  of  2n+l  terms,  and  by  equating  the  co- 
efficients of  the  corresponding  powers  of  x  on  each  side,  a  series  of  properties  will  be 
found  which  connect  the  combinations  of  2n  and  of  n  things  taken  1,  2,  8,  &c.,  at  a 
time.    For  instance. 

The  coefficient  of  x*  in  the  product  on  the  left  side,  restoring  the  value  of  n  in 
C|,  C7„  &c.,  and  bearing  in  mind  the  property  of  complementary  combinations,  is 

And  the  coefficient  of  x*  in  the  expansion  of  (1+x)*",  restoring  the  value  of  2n 

ini>B,  is 

2w(2n-l)(2n-2)...(n  +  l) 

Therefore  !»+«•+  {^^^^  %  j^"^^g-^>}%  &c 

_2n(2n-l)(2>i~2)...(n-H) 
"  1.2. 3...  n 

Or  the  sum  of  the  squares  of  the  combinations  of  n  things  taken  1,  2,  8, . . ,  n  at  a 
time,  IB  equal  to  the  number  of  combinations  of  2n  things  taken  n  at  a  time. 

And  since  the  product  of  the  two  equal  series  on  the  left  side  is  the  square  cf 
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does  net  terminate  when  the  index  is  a  negative  integer,  or  a  positive 
or  negative  fraction. 

The  series  for  the  expansions  of  (.a+h+c)*,  {a+h+e+dYf  &c., 
(a+5+^+^+^+  •  •  •)*»  ^^^  o^  {a+hx+cx^y,  {a+bx+c^+dji^y,  &c., 

{a+hx+car+€h^+exi^+ )",  when  the  index  is  a  negative  integer, 

or  a  fraction  positive  or  negative,  may  be  exhibited  in  Uie  same  forms 
as  when  the  index  is  a  positive  integer ;  with  this  difference,  that  the 
numbers  of  terms  in  the  expansions  do  not  terminate  when  the  index 
is  not  a  positive  integer. 

Also  the  general  terms  of  each  series  is  subject  to  the  same  equa- 
tions of  condition  as  when  the  index  is  a  positive  integer. 

If  a  series  arising  from  the  expansion  of  a  binomial  be  neither 
wholly  convergent,  nor  wholly  divergent,  but  begin  to  converge  from 
some  term  of  the  expansion,  the  term  of  the  expansion  from  which  the 
converging  begins  can  be  determined. 

Different  cases  will  arise  according  as  the  index  of  the  binomial  is 
integpral  or  fractional,  and  positive  or  negative. 

If  the  index  be  a  positive  integer  the  number  of  terms  in  the  ex- 
pansion is  limited  to  n-f  1,  and  the  coef5.cient  of  the  middle  term  is 
the  maximum  of  all  the  coefficients ;  but  if  the  index  be  a  negative 
'integer  or  a  positive  or  negative  fraction,  the  number  of  terms  of  thf 
expansion  will  be  unlimited. 

11.  To  deUrmine  that  term  tVi  the  expansion  of  (a+»)*  at  iohich  th 
succeeding  terms  begin  to  converge,  taken  n  is  a  positive  integer. 

Let  T,,  T^i  denote  the^th  and  (^  +  l)th  terms  of  the  expansion  of 

Then  r,  =  ^^"T!?-  "f^^^\"^'^U"-^^^^S 
'  1.2...(p-l) 

and  T.^, -  w(n- 1) . . .  (n-p+2)(n-p+l) 
'+'-  1.2...(p-l).ii 

"    j^p  ""      p      "  a ""        pa 

one  of  them,  which  consists  of  the  sam  of  the  squares  of  every  term  together  with 
twice  the  product  of  every  two  consecutive  terms ;  the  sum  of  the  products  of  every 
t«7o  consecutive  coefficients  of  these  terms  may  be  shewn  to  be  equal  to 

n.2''  (2n-l)(2>t-8) 5.8.1 

n+1*  1.2. . ..  (»-l)w 
In  the  same  manner,  if  there  be  given  the  product  of  three  equal  binomial  ex- 
pressions, (l+a;)"(l+a;)"(l+x)*»  (!+«)'*,  and  these  ezpressionB  be  expanded  and 
arranged  according  to  powers  of  x,  there  will  be  formed  two  identical  series,  of  which 
the  coefficients  of  corresponding  powers  of  x  are  equal.  These  equivalents  will  ex- 
press  relations  between  the  combinations  of  n  and  Sn  things  when  taken  1,  2,  S,  &c., 
at  a  time. 

Also  if  the  identical  expressions 

(l+a;)"(l+a;)"=(l+ar}-H-and(l+a5)"'(l+aj)"(l+aj)i'=(l+«)"»+»+j» 
be  expanded,  relations  between  the  combinations  of  m,  n,  and  m+n  things,  and  of 
^n,  p,  and  m+n+p  things  may  be  determined. 
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Now  iheptli  term  will  be  greater  than  the  (p+l)th  term 

when  pa  >  {n — p+ 1  )ar, 
or  when  p{a+x)  >  (n+ 1  )Xf 

and.'.  when»>^^i— ^. 

But  as  p  must  be  necessarily  a  positive  integer, 
The  j?th  term  will  be  greater  than  the  (p+l)th  term  when  p  is  the 

integer  next  greater  than  LJl  Jf« 

a+x 

And  this  obviously  holds  good  so  long  as  n  is  a  positive  integer. 

The  coefficient  of   the  middle  term  of  the   expansion,   being   the> 

maximum  number  of  n  things,  is  the  greatest  coefficient ;  but  it  does  not 

follow  that  the  middle  term  itself  is  the  greatest  term  of  the  series. 

This  will  depend  on  the  relative  values  of  a  and  x  in  any  particular- 

series.    If  a;  be  less  than  a,  then is  less  than  ,    and    it    is 

a+x  a+x 

manifest  that  this  multiplier  in  particular  instances,  when  the  values 

of  a  and  x  are  assigned,  may  diminish  or  increase  the  numerical  value 

of  p. 

But  if  «  =  — 1,  then  «>t?jtlif  =  0,  and  the  method  fails  Uy 

a-^-x 

determine  the  point  of  convergence  when  n  =  — 1. 

Next.  If  n  be  a  negative  integer  different  from  imity,  the  seriea 
does  not  terminate,  but  the  term  of  the  expansion  of  (a+^)~*,  at  which, 
the  convergence  commences,  can  be  found. 

For  y     *«(n+  l)(n+2)  ■  •  •  (n+y-2)^_^,^,^. 

1.2. o  . .  •  (l^'^l) 

and  r^.  =  Kn+l)(n-t2).^+P^)(n+y-l)^^-^^^_^),^ 

1.2.3...(^— 1).^ 

.    T^,    n+p-1  a<-l)     -(n+y-l> 

-L,  P  a  p(^ 

The  />th  term  will  be  greater  than  the  (p+l)th  term  numerically 
when^a>(n+;>— *l)^t  neglecting  the  negative  sign, 

or  when  p{a'~x)>  (n—  \)x^ 

.'.  wheny>(^"^K 

a — x 

But  as  p  must  be  necessarily  a  positive  integer, 

The  /7th  term  will  be  greater  tham  the  (j9+l)th  term 

when  p  is  the  integer  next  greater  than  it^IT^^ . 

a—x 

If  n  be  a  fraction,  proper  or  improper,  positive  or  negative,  thcr 

series  does  not  terminate  with  the  (n+ l)th  term  of  the  expansion,  tmd 

p  may  be  less  or  greater  than  n-fl. 


29 

12.  From  the  expantion  oftht  Uwmial  thtorem  to  deduce  the  exponential 

Hheorem  <^  =  ^+^+T2'^TTs'^ 

where  A=(a-l)-^{a-iy+iia-iy-  &c, 

Ilere  (»  =  l+«— 1, 
.And«'=,{l+(a-l)}' 

xix-l)Cx-2)ix-3)  ,       ,y^^„ 
^  1.2.3.4  ^         ^ 

^  (  24     4  ^  24       4  J  ^ 

'by  finding  the  terms  of  the  coefficient  of  a:,  and  denoting  the  co- 
efficients of  iP*,  A  &c.,  by  JB,  C,  -D,  &c.,  which  involve  only  powers  of 
.0  and  numerical  quantities, 

Thena'  =  l+^^+-»«'+C'j^+^^+  &c., 
and  this  expression  is  true  whatever  be  the  value  of  x.    Write  z  for  x, 

then  a'=l+Az+B%*+Cz^+Dz*+  &o. 
And  af'.a/'  =  a"^'  =  l+A{x+z)+B(x+zy+C{x+zY+D{x+zy+  &c., 
but  a'a'  =  <»'{  1  +-4u?+^a:'+  Ca^+J)a^+  &c. } 
Equating  the  coefficients  of  x  in  these  identical  values  of  a^a% 
••.  A+2£z+SCt'+4Jh^+&o.^Aa'=A{l+Az+Bz^+C^+Dz*+&c,} 
Next  equating  the  coefficients  of  the  corresponding  powers  of  s 
.in  those  identical  series, 

2B  =  A\  ZC=AB,  4D  =  AC,  &c., 
.  J.     Jt"    ^    AB       A'      jy_AC        A*      ,  ^ 

^       ^1.2^1.2.3^1.2.3.4^ 

in  which  -4  =  (<*— l)-i — -—  +^         ■  --    .      +  ac. 

If  6  denote  that  value  of  a  which  renders  the  series  for  A  equal  to 
canity, 

then.-=l+.+^+j^j3+^;^+&^^    Andif.  =  l, 

.^=.ia.i^J_j L.-J 1 — +&c.  =  2-7182818... 

^.lJ2'^1.2..-3^  1.2.3.4^ 


EXERCISES. 

I. 

Expand  by  the  binomial  theorem  the  following  expressions : — 

1.  {a+3xy,  {a+nhy,  (1-2^)S  (2-5y)«,  {a^+^y,  (2a;+3y)'. 

2.  {ax+h/y\  {ax-'hyy,  (2;p+32^)»    (2a:-3y)". 

3.  (2+>/3)»,  (v^2-  ^/3)*,  (^+ V-1)';  («- V-1)',  (2+ V-3)\. 

4.  (a;+3?-»)*,  (^-^-')*,  («+a?-0'S  {x^x-'^y\ 

n. 

Expand  the  following  expressions,  each  to  six  termsj  and  write  the 
^th  term  of  each  series. 

1.  (l±a?)-S  (1±^)-',  (l±a?)-»,  (l±ar)-',  {\±xy\  {\±x)'\ 

2.  {\±x)\  (l±x)4,  (I±a;>,  (l±a?)t,  (l±a?)i. 

3.  (l±a?)-i,  (l±a:)-i,  (1±«)-*,  (l±a?)-*,  (l±ar)-l. 

4.  (a;±a?-»)",  (^±4?)-*. 

5.  (a'+a;»)-,      (2fl-3:r)I,      (2^+3y)-i,      (a;»+2aar)J,      (««— 2aa:)-i, 
a^(a' +«•)"♦,  «-<(«»— fl^a?)-iV,  (aW  +  rtbl)-f. 

6.  (a+Jv'-l)»,  («x-Jj!»v'-l)»,  (l+a?v/-l)'^"S  {«+(l+«)-«}». 

in. 

Verify  the  correctness  of  the  following  expansions,  and  find  the 
value  of  each  to  four  places  of  decimals  : — 

I        2  4     2.4  4'^2.4.6  4'     2.4.6.8  4*  i 

2.  8«  =  3(  1-1.1_L1.1_1JL?.1  _Lil3_:^.l_  &c.  I 
I        2  9     2.4  9*     2.4.6  9'     2.4.6.8  9*  J 

^         '  13  10*     3.6  10*^3.6.9  10*     3.6.9.12   lO**    ) 

4-&C.  ," 

6.  (27)»  =  2+-i-.l+-i^.l-+-M:2_.l+...and 
^     '  1.2  3^1.2.3  3*^1.2.3.4  3' 

7.  Show  that  l+l+L^-.l  4.1lil-.i  +  . . .  -3«, 

3^1.2  3*^1.2.3  3' 


31 


2^2.4    14)^2.4.6    l4i  8^  '^ 

IV. 

Verify  the  coirectness  of  the  following  ezpansionB  :— 

2  l+*^2»,2  (I+«f^2».2.3  (l+«)» 

^2«.2.3.4  (!+«)♦ 

^        ^         1    ^2  a+i+2.4  (a+i)*+2.4.6  (a+J)'^ 

3.  («+;r>-  =  «:-/2+<f=f).l+?(?=fK£Z^l).L...  I 

(1,2      a»^         1.2.3  «•       / 

(1-0?/         ^    VlW^     1.2      \iW 

.  n(n+l)(n+2)  /  2x  V 
1.2.3  \l+a?/ 

I   !+«  J  \l+2ar/^     1.2       \1+2j:/ 

,n(«+l)(n+2)  /    X    y 
1.2.3-         \l+2a?/ 

10.  (l+ar)(l-a:)-»=l+8«+6ir»+7aj»+9^+  &c. 

11.  (l+a?)(l— 3r)-«=l+2»a?+3«a:»+4V+5V+  &c. 

12.  (l+4o?+a;»)(l-;F)-^=l+2»a7+3V+4V+5V+  &c. 

V. 

1.  Expand  {l+xY"^'  in  a  series  of  ascending  powers  otx. 

2.  Shew  that  (l+ip)"+n(l+a7)*-'x+?i^±l\(l+a:)-^V 

+&c....=(l+a7)-\ 

3.  The  series  1+^,  1+^^+^).  V(^+^X^+^).4+&€.==2". 

1  2^    1.2      2»^        1.2.3  2' 

4.  Shew  that  |  -^  I '  =  1  +1,+^1,+(JL±1X??H:1) 

I  n— 1  )  »»«^1.2.ii*^       1.2.3.n« 

.(n+l)(2n+l)(8«4-l). 
•  1.2.3.4.»« 

§11 


5.  Shew  that  H-+(l+i)f +(l+,^)g+;)|'+.-  =  ('-3"". 
a       nfn+l)  I   a  V  , 

,+^^(»4-})v(-_>=i).fc3)v...+, 


1.2'"^    "      2.3         "^V    1.2    y         3.4  "  l.-i 

2''2f»+l 

VI. 
Detennine  the  coefficient  of  :xr  in  the  expansion  of  each  of  the  fol- 
lowing expressions : — 

1.  (l+ar+'iJ?'+3j:'+...)'- 

2.  (l+2a;+3x^+...)'. 

3.  (1.2+2. 3^+3. 4.r^+...)'. 

4.  (l+^;'.(l--^r*. 

5.  (l-2jr)-.(l~x)-*. 
(i.   (l+jr)«.(l-a;)-». 

7.  x^x-ayKix—hyK 

And  the  coefficient  of  x^  in  the  expansions  of 

8.  (l+a:-)«.(l-ar)-». 

9.  (l-:r)(l+.rV--. 

10.  (i+^)-*.(i-^)-*. 

YII. 

1.  lix  be  very  small  compared  with  unity,  shew  that 

^ J =  ^  nearly. 

1+n/(1-^)      l+^(i— ^)     ^-^ 

2.  If  X  and  y  be  nearly  equal,  shew  that 

\-r/  "'a'+y^  4;c  \y/      a:+2y 

3.  If  j;  be  nearly  equal  to  unity,  shew  that 


w.r  — w.r 


//* — n 


-  =  ^7"+"  nearly. 


4.  If  <?  =  fl— J,  and  is  small  when  compared  with  a  and  J;  shew 
Ihat  aWa'-a-x^^-h^J^y^^  -  a  -  2e?+3car  nearly. 

6.  The  approximate  value  of  the  ratio  of  -!  j—  J-    ^   |  j  J    ^^ 

the  same  as  the  approximate  ratio  of  (1+J')  -*    to  1,  wlien  x  is  very 
«mall. 
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6.  The  expression  (—'^^)-~'^l::^)-,  =  l+?ar  approximately,  if 

JT  be  a  small  fraction. 

7.  Shew  that  /^T^l^j^^l^^^     - 1  +i{^+t/)+K^^ +«y +3 A 
rejecting  a?\  y*,  &c. 

8.  Expand  ;,  .    ^  .T/.       <-^  in  a  series  to  four  terins  ascending 

by  integral  powers  of  x, 

9.  If  a  and  n  be  integers,  then  the  expansion  of  {«+(«*+ 1)*}*  has 
its  integral  part  odd  when  n  is  even,  and  even  when  n  is  odd. 

VIII. 

1.  Explain  how  Newton  discovered  that  the  square  root  of  1—^ 
was  identical  to  the  expansion  of  (1 — i^)^, 

2.  Determine  the  ratio  of  the  two  terms  which  involve  af'*'^  and  «" 
in  the  expansion  of  (1— a;)~*. 

3.  If  A,,  -4^^i,  be  respectively  the  coefficients  of  the  rth  and 
(r+l)th  terms  of  the  expansion  of  (^  +  a)",  and  Br+i  be  that  of  the 
(r+l)th  term  of  the  expansion  of  (jr+<i)"+*  ;  prove  that 

4.  Expand  (1^4^;)'^  in  a  series  ascending  by  integral  powers  of  ai 
and  write  the  nth  term. 

Shew  that  the  (n  +  l)th  term  of  (1— 4a?)"*  is  equal  to  the  middle 
terra  of  the  expansion  of  (1+a;)-". 

Prove  that  the  sum  of  the  middle  terms  of  (1  +ar)*"  for  all  integral 
va'ues  of  »,  including  zero,  is  equal  to  (I  —  4j;)"*. 

5.  Assuming  the  binomial  theorem  for  a  positive  integral  index ; 
docs  the  truth  of  the  equation 

{        n       n\n       71.2  J 

a:  being  a  quantity  between  0  and  1,  depend  on  the  interpretation  of 
fractional  indices  ? 

IX. 

1.  If  P  denote  the  sum  of  the  odd  terms  and  Q  the  sum  of  the 
«ven  terms  of  the  expansion  of  (a+i)",  shew  that  P*— Q*  =  (a*— i')". 

2.  Shew  that  4  times  the  product  of  the  odd  and  even  terms  of  aa 
expanded  binomial  (a+^)*«(fl+i)*'"— («  — J)'*. 

3.  Expand  <  ^"'  ^  ""     >  ,   and  express  the  result  in  the  form 

t  a — b>^  —  1  j 

A+B^  —  l. 

4.  Determine  the  middle  term  or  terms  in  the  expansions  of 
ix±x'^y,  when  n  is  a  number  of  the  forms  47«,  4/7»+l>  4?n+2,  4w+3. 
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5.  (1  + v'— i)5-+(i  — ^— l)s-  =  0  or  ±2»+S  aoooiding  as  »  is  odd. 
or  eyen. 

6.  Which  is  rational  of  the  expressions 

7.  Find  the  values  of  (l+ip)*"^±(l  -a?)*+*  in  a  series  of  ascending 
powers  of  x. 

8.  Shew  that  the  expansion  of  (1  +\/2)^  may  be  exhibited  in  th& 
following  forms, 

H.2n.2*+g!!L^.gi:l).2+'^<^'-^X2»-2).2i+. . .  .+3.. 

1.2  ^  1.2.3 

3.+«.3-.2f+!?(^).3-.2«+<!L^,Z:2)  3^^,_j_       ^? 

X.J  i.J.o 

9.  To  determine  the  integral  and  the  decimal  parts  of  the  ex- 
pansion of  (2+  V3)»,  in  which  n  is  a  positive  integer. 

X. 

1 + -  J   becomes  con^ 

vergent,  and  find  the  limits  of  the  error  introduced  by  neglecting 
the  remaining  terms  of  the  series. 

2.  If  in  the  expansion  of  (1 — zY*^  the  symbols  x  and  n  be  respec- 
tively replaced  by—  and  40,  find  the  general  term  of  the  new  series. 

13 

3.  Find  the  first  negative  coefficient  in  the  expansion  of  (l+3:r)^ ' 

4.  Find  the  value  of<  1-| —  Vim  correctly  to  10  places  of  decimals. 

5.  After  how  many  terms  will  each  of  the  series  for 


-7 


(■+D"('+f.r.('+#('-i)"('+i)M'^i-a)'- 

(>/2+  ^/3)"^,  respectively  begin  to  converge  ? 

6.  Find  the  remainder  after  n  terms  of  the  expansion  of  Tr^—r,  iQ^ 

(1— a?)» 

a  series  of  ascending  powers  of  x,  &c. 

XI. 

1.  Shew  that  the  coefficient  of  a:*  in  the  expansion  of  (1— -a?)"'  is 
equal  to  the  sum  of  all  the  preceding  coefficients. 

2.  Shew  that  the  coefficient  of  ar"  in  the  expansion  of  {l^x)"'  is. 
equal  to  the  coefficient  of  «*  in  the  expansion  of  (1+a:)"^'^^ 

3.  If  ttr  be  the  coefficient  of  af  in  the  expansion  of  {l+x)\ 

then  shall  o^— ai+o,  -0,+  . . .  (—  l)^flr  =  (—  l)*""*"*.  -I--,  a^+i. 

n 
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4.  If  a„  a^x)  l>o  the  coefficients  of  sf,  af~^  respectively  in  the  ezpan- 

aion  of  Cl-:r)-',  prove  that  .,  =  a^.+(^+lX^+'l>^:t'^^'"^'^- 

5.  Prove  that  the  difference  of  the  coefBicients  of  the  (r+l)th  and 

rth  terms  of  the  expansion  of -^^^  is  equal  to  the  coefficient  of 

the  (r+l)th  term  of  the  expansion  of  — — c;^. 

6.  Prove  that  the  difference  of  the  coefficients  of  sf^^  and  sf  in  ih& 
expansion  of  (l+^)"'*'^  is  equal  to  the  difference  of  the  coefficients  of 
af^^  and  sT"^  in  the  expansion  of  (1+a?)*. 

7.  The  coefficient  of  «*  in  the  expansion  of ^-^^  is  equal  to  the- 

coefficient  of  «*  in  the  expansion  of  ; ---. 

^  (1— ar)'»+* 

--^  >  ,  shew  that  the  coefficients  of  the- 

(2r— l)th  and  of  the  (2r)th  terms  are  the  same. 

9.  If  a^  be  the  coefficient  of  sf  in  the  expansion  of  <  -^  >  , 

shew  that  (r+l)a^x — 2»fl^— (r— l)a^i  =  0. 

10.  If  (l+a;)".(l— a?)"',  be  expanded  in  ascending  powers  of  a?,  the- 
coefficient  of  a:»+'-*  is  (n+2r)2--^ 

11.  The  coefficient  of  «"+'^*  in  the  expansion  of  L-Z_^  in  ascend- 

ing  powess  of  a?  is  2""'{n+(»+2r)(n+2r+2)},  r  being  any  integral- 
number. 

XII. 

1.  If  1,  C|,  (7„  &c.,  be  the  coefficients  of  the  expansion  of  {l+x)%. 
n  being  an  integer, 

thenl+|c.+^C.+  ...  =  -^{2--l}. 

2.  If  P  and  Q  be  the  nth  terms  of  the  expansions  of 

(a«-a;')-4and(a'-a;»)-»;  then  ~  =  -  *' 


Q"2»— 1 

3.  If  a^  be  the  coefficient  of  nf  in  the  expansion  of  (1  +^/"»  ^  being- 
a  positive  integer,  prove  that 

aj  a,  ^  a,  ^a,^,        1.2 

(2)  («o+«i)(«i+«i)  . . .  («-!+<»«)  =  tfiMs . . .  tf« .  /ot    *-  • 

i.j.o . . .  n 

4.  If  ai,   a^f  a^  a^  be  any  four  consecutive  coefficients  of   an-. 
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expanded  binomial,  prove  that  (flriff4+<fj«,)(tf,— fl8)  =  2(tfi«,-— flips')?  and 
shew  that  this  expression  may  be  put  under  the  form 


ffl+»l       «»+<»4       «!+«» 

5.  If  Cr  be  the  coefiBlcient  of  the  rth  term  of  the  expansion  of 
1(1+^)%  n  being  an  integer,  shew  that 

Ci  —  Ci'+  (7j'—  . . .  ±  C\+i  is  equal  to  zero,  if  n  be  odd, 

and  equal  to  ^'^'^'"(^"^^ 2\  if  n  be  even. 

1.2*<j  •  •  •  — 
2 

6.  If  If  Ci,C^...Cn  be  the  coefficients  of  the  expanded  binomial 
•(1+^)*  when  n  is  a  positive  integer,  prove  that 

f\\  UMr^MP^Mr^JL        J, ^ g - 2»(2tt— 1)(2»^2) . . .  3.2.1 
(1)  l+C,+C,+C,  +  ...+C^ (1.2.3...  n)* 

(2)  i.c.+cr..c,+  c..C3+...  +  (7^.a=j^;^^^^ 

7.  If  'Cr  be  the  coefficient  of  ^  in  the  expansion  of  (l+o;)",  and 
*J)r  that  of  af  in  the  expansion  of  (1— ar)~" : 

then  shaU  5±r.    _^\f ;^\^:: '  ^  ,,  .  -C',.-!),  =  -+'C;. 
n     (r+l)(r+2).  ..2r 

8.  There  are  p  quantities  a+h,  a+2h,  a+2'3,  &c.,  each  raised  to 
vthe  power  2p.    Shew  that  the  sum  of  the  (p+Vjth.  terms  is  equal  to 

(p+l)(p+2)...2p  ^  ^  y'-l 

1.2.. .p      '  '  '2'— r 
xni. 

1.  Find  the  terms  in  the  expansions  of 

{a+h+e)\  (a-^h+ey,  (a+^-c)*,  (a-J-^", 
which  respectively  contain  the  factor  tt^l^'^tfl. 

2.  Find  the  terms  in  the  expansions  of 

(a+5+c+d)',  (a+*-c— i)'i  («-^+<^— i)",  (a-5-(?-rf)% 
which  respectively  contain  the  factor  ar^l^'^d*'''dr. 

3.  The  coefficient  of  a^  in  the  expansion  of  (9a'+6aj?+4j;*)~*  is 

2^(3a)-^-^ 

4.  Write  the  coefficient  of  x^^  in  each  of  the  expansions 

{\  +^+^)*,  (1  +2«+3aj*)^  (l+3x»+5a;»)*S  (2-  3ar-  4ar»)*,  (l+a:+«»)-*, 
(<»+5a;+c«')"*,  (I— «— «*)■"*,  (a;*— 6a?+2a;"*)~*,  respectively. 

5.  In  the  expansion  of  (a+ Ja?+«;')*,  find  the  coefficient  of  o^. 

6.  Write  the  term  in  the  expansion  of  (<»+3+r)"+'  which  involves 

7.  The  coefficient  of  a"6V  in  the  expansion  of  («+3+c)*"  is  equal 
.     3w(3«— 1) («4-l) 

^"^  (1.2 nY 

8.  The  middle  term  of  the  expansion  of  {X-^x-^sP)^  is 


{  l+«(n-l)+«(«-n-0»-2X»-3)^  ^,.  . . .  1^ 
n(n-l)...3.2.1^  if  n be  even, 

9.  The  coefficient  of  the  middle  term  in  the  expansion  of 

(l+ar+ar«)"i8  73789ar« 

10.  What  is  the  12th  term  of  the  expansion  of 

11.  Write  the  complete  terms  in  the  expansion  of  (a+5+r-frf)^* 
which  contain  a'iV^P,  o^^ViP,  a*il^c^d\  o'iVrf*,  respectively. 

•12.  The  complete  term  in  the  expansion  of  (a-{'h+c+d)*  which  in- 
volves (f-^  is  ^^^7^2^V^\{g'+3«-H'^+3a»^+3<gy+3g»g+8a(?^+3&'g 

1  .  ^  •  o 

13.  Write  the  nth  term  of  the  expansion  of  (1— 3jr+5:r*— Tic')"- 

14.  Find  the  number  of  terms  in  the  expansion  of  {a+h+cy^  and 
of  {a+b+e+d)^. 

XIV. 

1.  State  the  principal  steps  in  the  proof  ci  the  binomial  theorem, 
and  how  the  series  for  a*  is  derived  from  it. 

2.  Expand  of  by  means  of  an  indeterminate  index  in  a  series  of 
ascending  powers  of  x  (La  Grange^  Caletd  des  Fanciions), 

3.  Expand  ^  in  a  series  of  ascending  powers  of  x. 

4.  Express  ^^"*±tf""'^~',  in  series  of  ascending  powers  of  x» 
6.  Find  the  coefficient  of  x^  in  the  expansion  of  (1— ir)~-V. 

6.  Shew  that  e-»  =  j-3+j-~-3-^+^  2  3^^^+.... 

I  ^1.2^1.2.3^       J         ^       1.2^1.2.3^ 

8.  Expandf  1 + — )    by  the  binomial  theorem, 

and  shew  that  the  value  of  the  series  when  nx  becomes  indefinitely  great 

is  1+1+— -I 1— +&o.=-tf. 

^       1.2^1.2.3 

9.  Shewthat2--(n-l)2"-«+^.?K5Z±).2-^ 

^        '^  1.2 

_(n-,3)(,--4Xn---5),^^^,^^^^^^ 
1.2.3 


THE  THEORY  OP  PROBABILITIES. 

Art.  1 .  A  popular  writer  some  years  ago  declared  that  the  theory  of 
probabilities,  as  being  devoid  of  all  certainty,  was  nothing  more  than 
"^^  an  elaborate  delasion."  Although  it  is  not  possible  to  determine 
with  certainty  whether  a  specific  event  will  or  will  not  happen,  the 
language  of  ordinary  life  implies  that  there  are  considerations  on  this 
subject  which  ought  not  altogether  to  be  disregarded.  The  ordinary 
-events  of  human  life  are  spoken  of  as  possible  or  impossible,  probable 
or  improbable,  certain  or  uncertain;  and  sometimes  with  qualifying 
epithets,  as  "rather  likely,"  "very  imlikely,"  or  "as  likely  as  not." 
These  and  similar  expressions  imply  a  comparison  of  the  evidence  greater 
or  less  in  favour  of  events  which  are  uncertain.  As  whenever  an  event 
of  one  kind  is  observed  to  happen  more  frequently  than  an  event  of 
another  kind,  the  former  is  expected  rather  than  the  latter.  And  if 
an  event  recur  constantly,  and  regularly,  there  must  be  some  intelli- 
gible cause  for  the  constant  and  regular  recurrence  of  the  like  events. 
Such  events  are  called  moraUy  certain^  while  other  events  which  do  not 
so  happen  are  named  uncertain.  There  are  also  some  truths  which 
are  universally  admitted,  and  which  are  called  necessary  truths^  which 
-oannot  be  denied  without  absurdity;  as,  for  instance,  eveiy  adult 
human  being  in  a  healthy  condition  is  certain  of  his  own  existence, 
of  the  perceptive  power  of  his  senses,  and  the  reflective  power  of  his 
mind,  but  he  is  uncertain  how  long  his  senses  may  retain  their 
integrity,  or  for  how  many  years  his  life  may  be  continued.  By 
evidence  is  meant  whatever  facts  or  arguments  can  be  adduced  which 
tend  to  dispose  the  mind  to  admit  the  afiirmative  or  the  negative  of  a 
proposition,  and  the  certainty  or  uncertainty  of  an  event. 

The  belief  and  disbelief  of  individuals  are  not  always  regulated  by 
evidence.  Persons  under  the  influence  of  feeling  or  other  bias 
frequently  believe  what  is  true  to  be  false,  and  what  is  false  to  be 
true,  with  a  wonderful  degree  of  sincerity,  and  without  the  least 
suspicion  that  there  might  be  evidence  on  one  side  or  the  other. 
With  the  majority  of  mankind,  and  womankind  too,  etrnfidrnt  astertion 
has  far  greater  influence  than  sound  reason  or  legitimate  authority. 

Even  at  the  present  time,  with  all  the  vaunted  intelligence  of  the 
nineteenth  century,  the  most  absurd  Actions  when  pronounced  with 
oonfldence  are  believed  as  truths.  It  occasions  less  trouble  to  take  for 
granted  emphatic,  plausible  assertions  than  to  examine  the  grounds  of 
evidence  by  which  such  assertions  can  be  rendered  credible  or  in- 
credible. 
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In  ordinary  language  the  words  prohahility  and  chance  are  employed 
in  reference  to  the  secondary  causes  of  future  events.  The  word  chance 
does  not  signify  anjrthing  as  really  existing,  and  chance  cannot  be  the 
cause  of  any  event  whatever;  it  merely  serves  to  signify  human 
ignorance  of  the  true  cause.  In  mathematical  language  these  words 
are  generally  used  as  synonymous. 

2.  A  distinction  has  been  drawn  between  moral  and  mathematical 
chance^  the  latter  being  such  as  can  be  made  subject  to  niunerical 
calculation,  the  former  such  as  may  be  derived  from  experience  and 
observation.  Mathematical  chances  are  such  as  in  no  way  depend  on 
experience  or  observation,  but  simply  on  the  principles  of  combination. 
Moral  chances  can  only  be  treated  in  the  same  way,  bearing  in  mind 
that  the  same  uncertainty  is  involved  in  the  mathematical  results, 
as  in  the  assumptions  made  in  the  estimation  of  the  number  of  facts. 
The  former  may  be  exemplified  by  considering  the  chance  of  throwing 
an  ace  with  a  single  die  ;*  the  latter  by  the  average  yearly  deaths  of  a 
given  number  of  persons  born  until  the  whole  number  is  extinct.  As 
for  example,  suppose  a  thousand  children  bom,  and  the  numbers  which 
survive  in  successive  years  be  recorded  until  there  are  none  left  alive. 
Here  a  comparison  may  be  instituted  between  the  numbers  of  sur- 
vivors in  successive  years  and  the  original  number  of  births ;  and 
arithmetical  relations  can  be  expressed  between  them. 

*  When  a  common  die  Ib  thrown  from  the  hand,  by  the  force  o!  gravity  we  know 
it  will  ttXi  towards  the  earth  and  not  from  it ;  and  we  also  know  from  the  form  of 
its  cabical  figure,  having  six  equal  squares  as  its  faces,  if  it  fall  upon  a  plane 
horizontal  surface,  it  will  rest  with  one  of  its  faces  upon  that  surface  and  the 
opposite  face  turned  upwards.  But  as  the  six  faces  of  the  die  are  marked  with  one, 
two,  three,  four,  five,  six  points  respectively,  there  appears  to  be  no  particular 
circumstances  in  the  form  of  the  die,  nor  in  the  motion  given  to  it,  which  can  give 
any  assistance  to  assert  that  any  one  particular  face  rather  than  any  other  of  the 
six  faces  shall  be  turned  up.  All  that  can  be  certainly  known  is,  that  one  of  the 
61X  faces  will  be  turned  up.  Again,  if  two  dice  be  thrown,  all  the  possible  com- 
binations which  can  be  made  with  each  throw  is  86,  for  each  number  of  points  on 
the  faces  of  one  of  the  dice  can  be  combined  with  the  numbers  of  points  on  each 
of  the  six  faces  of  the  other.  The  number  of  points  which  can  be  thrown  with  two 
dice  are  2,  8,  4,  5,  6,  7,  8,  9,  10,  11,  12. 

And  these  numbers  can  be  made  up  of  the  following  sets  of  points  of  one  dio» 
taken  with  those  of  the  other: — 

2  points  can  be  thrown  in  1  way,    1+1 

8  „  „        2  ways,  1  +  2,  2  +  1 

4  „  11        8     „     1  +  8,8  +  1,2  +  2 

6  „  M        *     »     1  +  4,4  +  1,2  +  8,8  +  2 

6  „  ft        5     „     1  +  6,5  +  1,8  +  8,4  +  2,2  +  4 

7  „  M        6     »>     1+6,6  +  1,2  +  5,6+2,4  +  8,2  +  4 

8  „  «        6     >f     2  +  6,6  +  2,8  +  5,5  +  8,4  +  4 

9  „  ».        *     M     8  +  6,6  +  8,6  +  4,4  +  6 

10  „  „        8     „     4  +  6,6  +  4,5  +  6 

11  „  „        2     „     6  +  6,  6+6 

12  „  ,.        1     „     6  +  6 
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The  probability  of  an  event  happening,  op  of  a  proposition  being 
true,  means  the  degree  of  credit  which  ought  to  be  accorded  to  it^ 
This  depends  not  only  on  the  OTidence  adduced,  but  also  on  the  fact- 
that  the  mind  is  free  to  receive  impartially  and  admit  that  evidence. 
Evidence  which  ought  to  be  the  most  conclusive  and  convincing,  when- 
offered  to  a  mind  enslaved  by  superstition,  prejudice,  credulity,  op 
scepticism,  is  about  as  effective  as  the  submission  of  colours  to  a  blind 
man  for  discrimination. 

It  isr  scarcely  correct  to  speak  of  an  event  in  itself  as  probable  or 
improbable,  as  the  same  event  may  appear  probable  to  one  person  and. 
improbable  to  another;  and  under  those  circumstances,  different,  and 
even*  contradictory  conclusions  may  be  drawn  respecting  the  same 
event  by  different  minds.    The  human  mind  is  so  constituted  as  to  be 
capable  of  confounding  fictions  with  facts  and  taking  one  for  the 
other,  as  well  as  mistaking  sophisms  for  sound  reasons,  and  the  con- 
trary ;  so  that  the  mind  is  not  unlikely,  unless  great  caution  be  taken, 
to  mistake  the  false  for  the  true  and  the  wrong  for  the  right,  or  the 
converse;  and  so  be  led  both  into  errors  of  judgment  as  well  as  of. 
practice.* 

*  "  Among  the  early  sophisms  with  which  the  Greeks  tried  the  power  of  logic  as  a 
formal  mode  of  detecting  fallacies,  was  the  oonstraction  of  what  we  may  call  suicidal 
propositions,  assertions  the  truth  of  which  would  be  their  own  falsehood.  If  a  man 
should  say '  I  lie,'  he  speaks  neither  truth  nor  falsehood ;  for  if  he  says  true,  he  lies, 
and  if  he  lie,  he  speaks  truth.  Such  a  speech  cannot  be  interpreted.  Again,  the 
Cretan,  Epimenides,  said  that  all  the  Cretans  were  incredible  liars ;  is  he  to  be 
believed  or  not  ?  If  we  beliere  him,  we  must,  he  being  a  Cretan,  disbelieve  him. 
Some  stated  it  thus  : — '  If  we  believe  him,  then  the  Cretans  are  liars,  and  we  should 
not  believe  him,  then  there  is  no  evidence  against  the  Cretans,  or  we  may  believe 
him,  so  that  the  evidence  against  the  Cretans  revives,'  &c.  ^.  &c.  Refer  such  a 
proposition  to  the  theory  of  probabilities,  and  the  difficulty  immediately  disappears. 
Whatever  the  credit  of  Epimenides  as  a  witness  may  be,  that  is,  whatever,  upon  his 
word,  the  odds  may  be  for  his  proposition,  the  same  odds  are  there  against  him  from 
the  proposition  itself.  These  equal  conflicting  testimonies  balance  one  another,  and 
leave  the  effect  of  other  testimonies  to  the  same  point  unaltered." — Formal  Logtio 
{p.  210),  by  Aiigv>stus  De  Morgan,  of  Trinity  College,  Cambridge,    London,  1847. 

It  may  be  observed  that  the  words  of  Epimenides, 

Kpi}r»  &c2  ^9v<rr«u,  Kcuch  Bitpiof  ycurrfytf  apyat, 

can  scarcely  be  extended  to  mean  that 

*'  All  the  Cretans  were  incredible  liars.*' 

St  Paul  quotes  the  hexameter  of  the  poet  (whom  he  calls  irpo^fn}?),  in  his  Epistio 
to  Titus  (ch.  L  V.  12).  In  the  two  preceding  verses  many  (iroAAol),  especially  of  the 
Jews,  are  censured,  and  St  Paul  quotes  the  verse  as  a  true  testimony  that  the  vice 
of  lying  was  common  among  the  Cretans,  but  does  not  affirm  that  all  the  Cretans 
were  liars.  Both  Eustatius  and  Ovid  express  a  more  just  opinion ;  the  former 
states : — *Zuri  $\tur^fua*  jcal  &ir^  i$yuy  koL  vitXcwr  ical  S4/w  v-oWai  pn^iueruiSn 
wtTotJin^ytu,  as,  for  instance,  K^irriiuv  rh  ^tv^wBtu ;  and  the  latter,  "  Cretes  erunt 
testes,  nee  fingunt  omnia  Cretes."  Another  example  may  be  read  in  the  51st 
chapter  of  the  "Adventures  of  Don  Quixote." 
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It  IB  also  more  probable  that  a  person  of  greater  intelligence  and 
«zperiencey  if  unbiased,  will  be  capable  of  estimating  the  circnm- 
stances  of  evidence  rightly,  than  one  whose  knowledge  and  intellectual 
power  is  circumscribed  within  narrower  limits.  And  consequently  the 
ibrmer,  with  due  attention,  may  natnzally  be  expected  to  arrive  at 
'a  more  distinct  conception  of  the  measure  of  probability  of  any  un- 
•certain  event.  But  here  a  difficulty  arises,  how  the  force  or  value 
•of  evidence  can  be  made  a  subject  of  measurement.  It  is  usual  to 
•speak  of  persons  as  having  enlarged  benevolence,  deep  insight, 
•or  high  intellectual  power.  And  the  common  sense  of  mankind 
^nerally  awards  these  and  other  suitable  epithets  to  persons  who  by 
some  intelligible  acts  or  courses  of  conduct  have  exhibited  evidences 
that  they  possess  such  qualities. 

The  difiference  of  intellectual  power  in  different  individuals  will 
occasion  some  difference  in  the  estimation  of  the  probability  of  events 
into  which  the  element  of  skill  may  enter.*  The  relative  skill  of  two 
persons  would  naturally  be  defined  by  the  ratio  of  the  average  number 
of  events  of  the  same  kind  favourable  to  one  and  to  the  other.  If  this 
ratio  be  constant,  the  comparative  skill  of  the  two  persons  is  a  constant 
number  which  may  be  employed  in  the  same  manner  as  chance  in 
calculation.  But  if  the  ratio  be  not  constant,  any  approximate  value 
may  be  used,  and  it  must  be  remembered  that  the  final  result  is  only 
attained  as  an  approximation. 

But  the  equality  of  intelleot  and  experience  does  not  always  enable 
men  to  agree  in  what  is  the  truth  and  the  untruth  respecting  questions 
at  issue,  even  in  cases  where  their  honesty  and  impartiality  are  above 
all  suspicion.  This  is  seen  sometimes  in  the  opinion  of  judges  in  the 
courts  of  appeal  on  questions  where  the  evidence  is  complicated  and 
conflicting.  The  like  differences  of  judgment  occur  between  men  of 
ability  and  impartiality  on  questions  connected  with  theology  and 
morality.  These  and  other  differences  of  judgment  may  be  referred 
rather  to  the  data  and  the  difficulties  which  skill  and  experience 
encounter  in  attempting  to  separate  the  true  from  the  untrue,  and  the 
right  from  the  wrong.f 

*  This  may  be  exemplified  in  the  caae  of  two  stadente,  both  of  whom,  it  is 
supposed,  have  an  eqaal  knowledge  of  the  principles  involved  in  a  paper  of  24 
problems.  One  can  solve  12  problems  out  of  tiie  24  in  the  same  time  that  the  other 
can  solve  8.  Here  ^  and  i^,  or  }  and  |,  will  denote  the  value  of  their  respective 
knowledge  and  skill  combined.  And  supposing  their  knowledge  equal,  then 
i-i^i  will  denote  the  measure  of  the  skill  of  one  above  the  other. 

t  One  of  the  most  singular  instances  of  this  kind  is  to  be  found  in  the  follow- 
ing judgment  of  the  Holy  Inquisition  prononnoed  on  the  heresy  of  Galileo  in  1688  :— 

**  The  proposition  that  the  sun  is  in  the  centre  of  the  world  and  immoveable 
from  its  plaoe^  is  absurd,  philosophically  faJse,  and  fonnally  heretical,  because  it  is 
^expressly  contiazy  to  the  Holy  Scriptures." 

"The  proposition  that  the  earth  is  not  the  contra  of  the  world,  nor  immoreable, 
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Ab  it  is  almost  impossible  to  discover  all  the  circnmstances  wliich 
make  up  the  evidence  for  an  event  happening  or  not  happening ;  it  is 
obvious  that  an  event  may  admit  of  different  degrees  of  evidence,  from 
that  of  the  lowest  degree  possible  to  that  of  the  highest  degree 
probable,  or  that  degree  of  evidence  which  produces  the  conviction  of 
what  is  called  moral  eertaiwly, 

3.  The  force  of  evidence,  or  the  value  of  it  as  influencing  belief, 
constitutes  the  subject  of  the  theory  of  probabilities. 

This  theory  consists  in  the  reduction  to  some  numerical  estimation 
the  relations  which  exist  between  the  number  of  ways  in  which  an 
event  can  and  cannot  happen.  Although  it  is  impossible  to  determine 
with  certainty  whether  any  specified  event  will  or  will  not  happen,  it 
is  possible  to  ascertain  what  degree  of  probability  may  exist  for  the 
expectation  of  an  event  happening,  by  comparing  the  number  of  ways 
in  which  it  can  happen,  with  the  number  of  all  the  ways  in  which  it 
can  and  cannot  happen.  It  may  be  added  that  scarcely  any  event 
ever  falls  out  as  it  is  determined  by  calculation,  except  there  be  an 
indefinite  number  of  repetitions,  which,  one  with  another,  will  at 
length  always  produce  a  definite  result 

This  remark  is  important ;  for  scarcely  ever  any  event  comes  off  at 
the  first  trial ;  but  in  repeated  trials,  it  will  be  found  that  the  number 
of  favourable  and  unfavourable  events  will  continually  approximate 
nearer  to  some  constant  ratio  as  the  number  of  trials  is  repeated. 
As  for  example  in  throwing  a  common  die,  the  ace,  on  one  of  the  six 
faces,  is  as  likely  to  turn  up  as  any  one  of  the  other  five.  There  is 
therefore  only  one  way  in  which  the  ace  can  turn  up,  and  five  ways  in 
which  it  cannot.  And  in  6  throws  it  is  not  certain  that  the  ace  will 
turn  up  once,  though  it  is  possible  that  in  the  6  throws  it  may  turn 

Imt  that  it  moTes,  and  also  with  a  dinmal  motion,  is  also  abstud,  philosophicaUy 
false,  and,  theologically  considered,  at  least  erroneouB  in  faith." 

The  infallible  Papal  decree,  on  which  this  jadgment  is  founded,  is  recognised 
in  the  following  declantion,  printed  on  the  seventh  page  of  the  third  volame  of  an 
edition  of  Newton's  ''  Principia,"  which  was  edited  by  the  Jesuit  fathers  Le  Sent 
and  Jacqoier,  and  pablished  at  Geneva  in  1742  : 

*'  NewtoD,  in  this  third  book,  assumes  the  hypothesis  of  the  motion  of  the  earth. 
The  propositions  of  the  author  conld  not  be  explained  otherwise  than  by  making 
the  same  hypothesis.  From  this  circumstance  we  have  been  oompeDed  to  personate 
the  character  of  another  ;  but  we  profess  to  obey  the  decrees  made  by  the  supreme- 
pontiffs  against  the  motion  of  the  earth." 

It  cannot  be  maintained,  without  perverting  the  plain  sense  of  Scripture,  that  the 
motion  of  the  earth  is  "expressly  contrary  to  the  Holy  Scriptures."  Katuial  phe^ 
nomena  are  described  in  the  Scriptures  as  Uiey  appear^  and  no  claims  or  pretences- 
are  therein  found  to  explain  the  true  system  of  the  uniyerse. 

When  a  body  at  rest  is  seen  from  another  body  in  motion,  the  former  appears  to 
move  in  a  direction  contrary  to  that  in  which  the  latter  body  is  adually  moving. 
The  infallible  decree  of  the  supreme  pontiff  appears  to  have  been  issued  without  any 
regard  to  the  distinction  between  real  and  apparent  motion. 
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up  more  tlian  once.  Nor  is  it  certain  tbat  the  ace  will  turn  up  twice 
in  12  throws,  nor  three  times  in  18  throws.  But  it  may  be  reasonably 
expected  that  the  ratio  of  the  number  of  times  the  ace  will  turn  up,  to 
the  number  of  times  that  it  will  not  turn  up,  will  continually  ap- 
proximate to  the  ratio  ol  1  to  5,  as  the  number  of  trials  is  indefinitely 
increased. 

In  the  same  manner,  if  a  coin  be  thrown  up,  as  it  has  only  two 
faces,  and  one  of  them  is  as  likely  to  turn  up  as  the  other  in  each 
throw ;  as  the  number  of  throws  is  increased,  it  may  be  expected  that 
in  an  even  number  of  throws  that  one  face  will  turn  up  as  many 
times  as  the  other  face,  when  the  number  of  throws  is  increased  in- 
definitely.* 

Events  are  said  to  be  independent  when  they  have  no  connection 
directly  or  indirectly  with  one  another,  or  when  the  success  or  failure 
of  one  does  not  affect  the  success  or  failure  of  another. 

Two  or  more  events  are  said  to  be  dependent  when  the  probability  of 
their  success  or  failure  is  altered  by  the  success  or  failure  of  some 
other  event. 

In  the  case  of  independent  events,  as  there  may  be  several  ways  in 
which  a  possible  event  may  or  may  not  happen ;  the  probability  of 
any  event  happening  is  measured  or  defined  by  the  ratio  which  exists 
between  the  number  of  ways  in  which  the  event  can  happen,  and  the 
whole  number  of  ways  in  which  it  both  can  and  cannot  happen.  If  « 
denote  the  number  of  ways  in  which  an  event  can  happen,  and  ^  the 
number  of  ways  in  which  it  cannot  h  ippen,  then  the  fraction  or  the 

ratio  -^-rr  wlQ  denote  the  probability  of  the  event  happeuiug,  and 

— -  the  probability  of  the  event  not  happening.    And  the  ratio  of 

the  probability  of  success  to  that  of  failure,  and  of  failure  to  that  of 
success,  or,  as  it  is  called,  the  odds  for  and  against,  will  be  denoted  by 
the  ratios  of  a  to  &  and  &  to  a  respectively. 

And  it  is  obvious  that  the  sum  of  the  probability  of  an  event 
happening  and  not  happening,  is  equal  to  unity. 

In  the  computation  of  the  chances  of  success  or  failure,  it  is  sup- 
posed that  all  the  chances  in  any  case  are  of  the  same  kind  and  are 
equal  to  each  other. 

4.  If  several  events  he  independent  of  each  other,  the  prohahUity  that  all 
of  them  will  happen  is  the  product  of  their  separate  prohabHUies,^ 

*  Professor  de  Morgan,  in  bis  "  Formal  Logic,"  p.  185,  states  that  one  of  liis 
papils  tried  the  experiment  on  2,048  sets,  and  the  result  was  that  the  ratio  of  the 
number  of  tails  to  heads  was  2,044  to  2,048. 

t  This  proposition  may  be  otherwise  stated. 

If  there  be  two  independent  events,  whosa  separate  chances  of  happening  are 

i-  and  1,  the  chance  of  both  of  them  happening  is  — . 
m       n  mn 
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First,  suppose  there  be  two  events. 

1^  ^19  h'f  <hf  ^i  denote  the  numbers  of  ways  in  which  the  two 
ercnts  can  happen  and  fail  respectively ; 

then  — YT  ^^^oieB  the  probability  of  the  iirst  event  happening. 


«i+*i 


and     ^,  that  of  the  second; 


hence  each  of  the  cases  of  tf]+^i  c^Q  be  combined  with  each  of  the 
cases  of  af+h^, 

{^i+^t){(h+h)=^i^t+^i^f+^t+hh  denotes  all  the  cases  of  success 
and  failure  of  the  two  combined  events,  of  which  a,«|  denotes  the  cases 
of  success,  and  h^hf  the  cases  of  failure  of  both  events;  also  afi^ 
denotes  the  cases  in  which  the  first  event  happens  and  the  second  fails,, 
and  aj^i  those  in  which  the  first  fails  and  the  second  happens, 

.'. ^^  is  the  probability  of  both  events  happening, 

and  ■; =-^ — =-.  the  probability  of  both  events  not  happening*. 

(fli+^)(a,+i,) 

Also  -p ^Ll —  is  the  probability  of  the  first  happening  aniP 

(ai+*i)(»8+*«) 

the  second  failins:,  and  ^ :^^ — r^  that  of  the  first  failing  and  the 

^  («i+*i)(«i+^f) 

second  happening. 

Next  let  there  be  three  events  whose  respective  probabilities  are 

<*!  ^1  ^» 

«I+*l'      «|+V      «!+*«' 


The  chance  that  either  one  or  the  other  will  happen  is  ^±Z^ — ±. 

1     fit  —  1 

For  the  chance  that  the  first  will  not  happen  is  1  -  — » ,  and  the  chance 

m       m 

1         41.  —  1 

that  the  second  will  not  happen  is  1  -  ->■ . 

n      n 


And  therefore  the  chance  that  neither  will  happen  is  ^ — — — -i,  and  the  chance  - 

mn 

that  either  one  or  the  other  wUl  happen  is  1  -  (w*  "!)(<*- l)^w+n-l  ^ 

In  a  similar  manner,  if  there  be  throe  events  whose  separate  chances  are   .,_,-,. 

m    n    J* 

Then will  denote  the  chance  of  all  of  them  happening, 

ftinp 

and  (  1  — -  j  V^~")  V^""")  *^®  chance  of  all  of  them  failing. 

Therefore  the  chance  of  some  of  them  happening  is 

1-  ^l-i^  A  — 1^  A-^^  ^mnp  +  m  +  n  +  p-(mn-\-mp  +  np) ^ 
\      my  \      n/  \      p/  mnp 

and  ^^-^  is  the  chance  of  the  first  and  second  happening  and  the  third  failing,  and. 
tnup 

so  for  other  events. 
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TFheii  -eaek  of  tho  cases  of  Oj+i,  can  be  combined  with  each  of  the 

xjases  of  (ffi+ftj)(A,+^0»  ^^^  ^^^  ^'^"^  (^i+^K^+^iX^+K)  combina- 
tions of  cases,  of  which  OiOfy  and  hfi^  will  respectively  denote  the 
number  of    cases    of   success    and    failure    of    the    three    events, 

.'. — ?i?i^-_- _.  will  denote  the  probability  of  the  success  of 

three  events,  and ,  ^,   '.  ,*  v/ — r^r\  ^**  o^  *^®»r  failure. 

(«i+*i)(«*+^t)(«»+*«) 

In  the  same  manner  may  be  found  the  probability  of  four  or  any 

greater  number  of  events.    And  generally,  if  there  be  n  independent 

•events,  the  probability  of  the  n  events  happening  is 

^^M's  ■  •  ■  *  ^« 

(«l  +  ^l)(^^2)  •  •  •  («-+*-)  * 

The  probability  can  be  determined  when  the  events  are  dependent 
Let  the  several  events  be  named  the  first,  second,  third,  &g.,  events. 
Then  the  probability  of  the  first  event  happening  must  be  considered 
as  independent. 

The  probability  of  the  second  event  must  be  determined  on  the 
supposition  that  the  first  event  has  happened  in  some  way. 

Next,  the  probability  of  the  third  event  is  to  be  determined  on  the 
supposition  that  both  the  first  and  second  events  have  happened,  and 
«o  on  for  the  rest  of  the  events. 

And,  lastly,  the  probability  of  all  of  them  happening  will  be  the 
product  of  the  several  probabilities  thus  determined. 

5.  Having  given  the  prohahility  of  an  event  happening  and  failing  in  one 
trial,  to  find  the  probability  ofite  happening  and  failing  once,  twiee^  thrice^ 
SfCf  in  n  trials. 

Let  -^  denote  the  probability  of  the  event  happening,  and 


a+b  a+b 

<of  its  failing  in  one  trial. 

Then  since  the  probability  of  the  event  happening  in  any  one  par- 

ticular  trial  is  — ^ ;  and  the  probability  of  it  failing  in  the  remaining 

n— 1  trials  is 7- — ;;  therefore  the  probability  of  the  event  hap- 

pening   in    one   particular   trial    and    failing   in    all  the   rest,  is 

■- — T-jrr-9  ^^^  since  there  are  n  trials,  the  probability  that  the  event 
(a+Of 

Avill  happen  in  some  one  of  these  and  fail  in  the  rest,  is  n  times 
as  great,   or  ^-^,. 

Next,  since  the  probability  of  the  event  happening  in  any  two 

particular  trials  and  failing  in  the  remaining  n— 2  trials,  is  f^       ^;  and 

{a+b) 
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since  tliere  are      '*~1       ways  in  which   tho  particular    event    mny 

bnppen  twice  in  n  trials  and  fail  in  all  the  rest ;  therefore  the  proba- 

bility  tliat  it  will  happen  twice  exactly  in  n  trials  is  ^7"/    ,  i^^' 

Similarly,  the  probability  that  tho  event  will  happen  exactly  three- 

times  m  »  trials  is  — i — -^^-^ 4- ,  and  so  on. 

1.2.3.(a  +  i)" 

And  generally,  the  probability  that  the  event  will  happen  ex- 

.,        ^.         .       x-i    •    w(n-l)(n— 2)...(n— r+lVi""' 
actly  r  times  in  »  trials  is  -^ ^>- ^ \ ^-r — . 

^  1.2.3...  r.(fl+^)" 

Also  the  probability  of  the  event  failing  r  times  exactly  in  n  trials 

may  be  shewn  to  be  <^-  ^)S^-f ) ' ' '  ^r'^.^>^^' . 
^  1.2.3...  r-Ca+i)" 

And  the  probability  of  the  event  happening  iU  least  r  times,  and 
failing  at  most  n^r  times  in  n  trials  will  be 

a-+,ur-'i+!5(?IlU«-*i«+ n(n-l)....(n-r+l)^,^ 

1.2  1.2«...f* 

For  if  the  event  happen  in  every  one  of  the  n  trials ;  or  if  the 
event  happen  n— 1  timep,  and  fail  once;  or  if  it  happen  n— 2  times 
and  fail  twice,  and  so  on ;  or  lastly,  if  it  happen  r  times,  and  fail  n — r 
times,  the  event  happens  r  times.  Therefore  the  whole  probability  of 
the  event  happening  at  least  r  times  in  n  trials  is  equal  to  the  sum  of 
these  separate  probabilities. 

6.  To  find  the  value  of  an  expectation  of  several  prizes,  when  each  prize  is 
subject  to  different  chances. 

If  there  be  two  prizes  denoted  by  J9,  q,  and  a  chances  in  favour  of 
Pf  and  b  in  favour  of  q ;   then  the  probability  of  the  first  prize  is 

a  h 

,  and  of  the  second  prize,  — - .    Therefore  the  expectation  for 


a-\-h  a+i 

the  first  prize  is  -^^,  and  for  the  second  -i — .    And  the  value  of 
^  a+i  a+b 


the  whole  expectation  is  the  sum 


pa-\-qb 


Similarly,  if  there  were  a  third  prize  r,  and  e  chances  in  its  favour, 

the  probability  of  the  first  is — % — ,  of  the  second  — ^ — ,  and  of 
^  ^  a+b+c'  a+h+e 

the  third  — % .     And  the  expectation  for  the  first  is  — ^? — ,  for  the 

second  — ^^ — ,  and  for  the  third  — ^ — ,  and  the  whole  value  of  the 
a+d+c  a-\-b+o 

expectation  is  £5Lii_xI?    and  so  on  for  more  than  three  prizes, 

a+b-^o  ^ 
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EXERCISES. 
I. 

1 .  Esplain  the  meaning  of  the  terms  certain  and  uncertain,  pro- 
bable and  improbabloi  as  they  are  employed  in  the  theory  of  proba* 
bilities. 

2.  Define  the  mathematical  meaning  of  the  term  chance,  and 
explain  how  the  chance,  favourable  or  unfayoorable,  of  an  event  i& 
denoted. 

If  out  of  1,000  persons  bom,  there  were  found  alive  at  the  ages  of 
10,      20,       30,      40,       50,       60,      70  years  respectively, 
500,     539,     470,     393,     315,     230,     143  persons; 
find  the  probability  that  a  person  alive  at  the  beginning  of  each  of  the 
six  decades  will  not  survive  to  the  end  of  it. 

3.  Explain  when  events  are  considered  dependent  and  independent ; 
and  prove  that  the  chance  of  an  event  contingent  upon  other  indepen- 
dent events  is  the  continued  product  of  the  chances  of  the  separate 
events. 

4.  If  there  be  a  chances  of  an  event  happening  in  one  trial,  h  of 
another,  c  of  a  third ;  find  the  probability  of  the  first  event's  hap- 
pening p  times,  the  second  q  times,  and  the  third  r  times,  in  p+q+r 
trials. 

5.  If  there  be  a  chances  of  an  event  happening,  and  h  of  its  failing 
in  one  trial ;  find  the  probability  of  its  happening  i  times  at  least  in  n 
trials. 

6.  If  a  be  the  number  of  chances  for  the  happening  of  an  event, 
and  h  the  number  for  its  failure  in  each  single  trial ;  find  the  proba- 
bility of  its  happening  p  times  and  failing  q  times  in  p+q  trials ;  and 
determine  how  many  trials  are  necessary  to  make  it  an  even  chance 
whether  the  event  will  happen  or  not. 

7.  Out  of  a+h  statements  by  the  witness  A,  only  h  are  true;  and 
out  of  i^+i^  statements  made  by  B,  only  b'  are  found  true.  What  is 
the  probability  of  the  truth  of  a  story  in  which  they  both  agree  ? 

8.  The  probability  of  A  speaking  truth  is  p,  and  of  B  ^.  B  reports 
that  A  affirms  a  certain  event  took  place ;  what  is  the  probability  that 
it  actually  did  take  place  ? 

n. 

1.  How  many  different  throws  can  be  made  with  1,  2,  3  ...  n  dice 
respectively  ? 

2.  Compare  the  chances  of  throwing  an  ace  in  two  trials  with  one 
die,  and  in  one  trial  with  two  dice. 
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3.  To  find  the  chance  of  throwing  a  given  number  of  points  in  the 
-first  of  two  successive  throws  with  a  single  die. 

4.  Find  the  probability  of  casting  an  ace  in  three  throws  with  one 
•die,  or  at  one  throw  with  three  dice. 

5.  A  and  B  play  with  a  single  die,  each  making  three  throws. 
In  how  many  ways  can  A  score  8  points  and  B  7  points  ? 

6.  How  many  successive  throws  must  be  made  with  a  tetrahedron 
^  give  an  even  chance  of  throwing  an  ace,  the  faces  of  the  tetrahedron 
being  marked  1,  2,  3,  4,  and  the  lower  face  reckoned  in  each  throw? 

7.  In  how  many  throws  of  a  single  die  is  there  an  even  chance  of 
throwing  an  ace  ? 

8.  Bequired  the  number  of  throws  with  a  single  die  in  which  a 
person  may  xmdertake,  for  an  even  wager,  to  throw  three  aces. 

9.  Find  the  probability  of  casting  1  ace,  2  aces,  and  3  aces  only 
respectively  with  10  dice  in  one  throw,  or  with  10  throws  of  one  die. 

10.  Four  polyhedrons  of  4,  6,  8,  12  faces  respectively  are  marked 
in  the  same  manner  as  a  die ;  find  the  chance  of  the  polyhedrons, 
when  thrown  together,  falling  on  any  one  of  the  four  faces  marked 
1,  2,  3,  4. 

ni. 

1.  If  seven  balls  be  drawn  from  a  bag  containing  eleven  in  all, 
five  of  which  are  white  and  six  black ;  what  is  the  probability  that 
three  white  balls  will  be  drawn  ? 

2.  If  an  urn  contain  10  white  balls,  12  black,  and  14  red;  how 
many  ways  can  2  balls  be  drawn  ?  How  many  pairs  contain  a  white 
and  a  black  ball  ?    What  are  the  odde  for  or  against  ? 

3.  If  an  urn  contain  20  balls,  5  white,  7  black,  and  8  red ;  what  is 
the  chance  of  drawing  a  red  ball  ? 

4.  A  bag  contains  12  balls  of  four  different  colours,  3  of  each 
colour;  what  is  the  probability  of  taking  one  of  each  sort,  if  4  be 
taken  out  at  once  ? 

5.  Two  bags  each  contain  4  black  and  3  white  balls.  A  person 
draws  a  ball  from  each  bag ;  and  if  the  ball  be  white,  he  puts  it  into 
the  second  bag,  and  draws  a  ball  from  it.  Find  the  chance  of  his 
drawing  two  white  balls. 

6.  There  are  three  urns,  the  first  contains  7  white  balls  and  1 1 
black,  the  second  9  white  and  9  black,  and  the  third  10  white  and 
8  black ;  what  is  the  chance  of  drawing  from  the  first  urn  a  white 
ball,  from  the  second  a  black  ball,  and  from  the  third  a  white  ball  ? 

7.  If  9  baUfl,  3  white,  3  red,  and  3  black,  be  distributed  at  random 
in  three  urns,  3  balls  in  each ;  find  the  chance  that  there  will  be  a 
red  ball  in  each  urn. 

8.  An  urn  contains  20  balls,^  4  of  which  are  white.  If  a  person 
draw  out  5  at  a  venture,  find  (1)  the  probability  of  drawing  only  one 
white  ball ;  (2)  the  probability  of  drawing  at  least  one  white  ball. 
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9.  There  are  two  uros,  A  and  B,  the  former  contains  3  white  and', 
the  latter  3  black  balls ;  a  ball  is  taken  from  each  at  the  same  time 
and  put  into  the  other,  and  this  operation  is  repeated  three  times ; 
what  is  the  probability  that  the  urn  A  will  contain  3  black  balls  and 
the  urn  B  3  black? 

10.  If  an  urn  contain  26  balls,  of  which  5  are  white,  6  black,  T 
red,  and  8  blue ;  what  is  the  chance  of  drawing,  when  10  are  drawn 
at  a  time,  1  blue  ball,  2  white,  3  black,  and  4  red  balls? 

11.  A  bag  contains  baUs  of  different  colours,  of  which  11  are  red, 
and  such  a  number  white  that  if  4  balls  be  drawn  out  together,  tho 
chance  that  they  are  all  red  is  equal  to  the  chance  that  2  axe  red  and 
2  white.    Bequired  the  number  of  white  balls. 

12.  If  there  be  10  tickets  in  a  bag,  of  which  5  are  blanks  and  the- 
other  5  are  marked  as  prizes  1,  2,  3,  4,  5  ;  what  is  the  chance  of 
drawing  10  in  three  separate  trials,  the  ticket  drawn  each  time  beings 
replaced  ? 

13.  If  a  bag  contain  eight  tickets,  marked  1,  2,  3,  4,  5,  6,  7,  8 ; 
what  is  the  chance  that  the  number  17  will  be  made  up  in  four  draw- 
ings of  one  ticket,  each  ticket  being  replaced  when  drawn  ? 

14.  From  two  bags,  one  of  which  contains  12  tickets,  marked 
1,  2,  8,  4,  5,  6,  7,  8,  9,  10, 11,  12,  and  the  other  10  tickets,  marked 
1,  2,  3,  4,  5,  6,  7,  8,  9,  10,  two  tickets  are  drawn,  one  from  each  bag;, 
what  is  the  probability  that  they  have  both  the  same  number  ? 

IV. 

1.  In  a  game  of  pure  skill,  if  A's  skiU  be  to  B's  as  3  to  1,  what  is 
the  chance  of  A's  winning  3  games  out  of  4  ? 

2.  The  probability  of  A  solving  a  problem  is  I,  and  of  its  being 
solved  when  both  A  and  B  try  it  is  |.  Find  the  probability  of  B 
solving  it. 

3.  A's  skiH  is  to  B's  as  1  to  2,  to  C's  as  3  to  2,  and  to  D's  as  4  to  3 ;. 
what  is  the  probability  that  A  in  3  trials  of  skill,  one  with  each  person, 
will  be  successful,  (1)  twice  exactly;  (2)  twice  at  least ? 

4.  One  side  of  a  die  is  black,  two  are  red,  and  the  remaining  three- 
are  white ;  what  is  the  chance  of  a  red  face  being  uppermost  three 
times,  the  black  twice,  and  a  white  once  exactly  in  three  throws  ? 

5.  If  on  an  average  9  ships  out  of  10  return  safe  after  a  voyage 
to  port,  find  the  chance  that  out  of  5  ships  expected  3  at  least  will 
arrive. 

6.  If  A  speak  truth  3  times  out  of  4,  and  B  5  times  out  of  6,  find 
the  chances  that  they  will  agree  in  their  statements  with  respect  to  an 
event  that  has  taken  place. 

7.  It  is  3  to  I  that  A  speaks  the  truth,  4  to  1  that  B  does,  and 
6  to  1  that  C  does.  What  is  the  probability  that  an  event  took  place* 
which  A  and  B  assert  to  have  happened,  but  which  0  denies  ? 
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8.  A  speaks  truth  3  times  out  of  4,  B  4  times  out  of  5 ;  they  agree 
in  asserting  that  from  a  bag  containing  9  balls,  all  of  different  colours, 
a  white  bidl  has  been  drawn.  Show  that  the  probability  that  thifl  is 
true  is  |^. 

9.  What  is  the  chance  of  winning  the  first  game,  and  losing  tlie 
second  and  third ;  winning  the  third,  and  losing  the  first  and  second ; 
or  winning  the  second,  and  losing  the  first  and  third ;  supposing  the 
•chances  of  winning  and  losing  are  equal  ?  The  chance  of  losing  three 
games  in  succession  is  also  |. 

10.  In  a  lottery  if  the  prizes  are  to  the  blanks  as  1  to  20 ;  find  the 
chance  of  gaining  at  least  two  prizes  in  six  trials. 

11.  If  in  the  French  Lottery  there  are  100  numbers,  5  of  which 
are  drawn  at  a  time ;  what  is  the  chance  that  2  only  of  5  specified 
numbers  will  be  drawn  ? 

V. 

1.  A  bag  contains  10  sovereigns,  5  florins,  3  shillings,  two  six- 
pences, and  1  penny.  Two  coins  are  drawn  out ;  prove  that  the  worth 
of  the  expectation  is  £1  0«.  4^d. 

2.  If  there  be  3  chances  for  4«.,  6  chances  for  8«.,  and  five  chances 
for  5i. ;  what  is  the  value  of  the  expectation  ? 

3.  In  a  bag  are  eight  bank-notes,  namely,  one  of  £20,  two  of  £5, 
and  five  of  £1 ;  a  person  is  allowed  to  take  out  three  indiscriminately. 
^Vhat  is  the  value  of  his  expectation  ? 

4.  There  are  four  equal  chances  for  drawing  3«.,  6t.,  8«.,  10«.,  and 
eix  blanks ;  what  is  the  value  of  the  expectation  ? 

5.  If  a  bag  contain  3  guineas,  2  sovereigns,  and  4  shillings,  and 
•3  coins  be  drawn  out;  what  is  the  value  of  the  expectation  ? 

6.  In  a  lottery  of  100  tickets  there  are  4  prizes  of  £100  eadt,  10 
of  £30,  and  20  of  £5,  and  66  blanks ;  what  ought  to  be  the  price  of 
a  ticket? 

7.  A  bag  contains  a  number  of  tickets,  of  which  one  is  marked 
1,  four  marked  2,  nine  marked  3,  16  marked  4,  and  so  on,  and  a 
person  draws  a  ticket  at  random,  for  which  he  is  to  receive  as  many 
shillings  as  the  number  marked  on  the  dravm  ticket ;  required  the 
value  of  his  expectation  ? 

8.  The  lottery  at  Paris  consists  of  90  numbers,  out  of  which  5,  to 
be  drawn  at  hazard,  are  the  winning  numbers.  A  person  staking  his 
money  upon  naming  one  of  the  five  winning  numbers,  if  he  succeed, 
receives  15  times  his  stake ;  if  upon  naming  two  out  of  the  five,  he 
receives  270  times  his  stake ;  show  the  disadvantages  in  both  cases 
under  which  money  is  risked  on  these  conditions.  If  a  ticket  of 
100  francs  were  saleable  in  either  case,  what  would  be  its  real  value  ? 


RESULTS,  HINTS,  ETC.,  FOR  THE  EXERCISES  ON 
YAEIATIONS,  PERMUTATIONS,  AND  COMBINATIONS. 

I. 

1.  See  Art.  1. 

2.  The  number  »  T,  =5. 4=20,  and  the  variations  are 

ab,  ha,  ae,  ca,  ad,  da,  ae,  ea,  he,  cb,  hd,  db,  he,  ed,  ed,  de,  ee,  ec,  de,  ed. 

And  '(?,««''    =10,  the  combinations  are  ahc,  abd,  abc,  acd,  ace,  ode,  bed,  hee, 

hiU,  cde, 

8.  The  different  combinations  of  the  six  letters  taken  4  at  a  time  are 

aadbf  aaac,  aabb,  aahc,  aJtbc. 

aacb  admits  of  4  yariations,  aaab,  aaba,  ahaa,  haaa. 

fuiac  admits  of  the  same,  aaae,  aaca,  acaa,  ccLoa. 

aabb  admits  of  6  yariations,  acU>b,  bhaa,  abab,  haba,  abba,  haab, 

ulso  a^he,  admits  of  12  yariations,  aabc,  cbaa,  aacb,  bcaa,  caab,  baae,  abca,  acba, 

abac,  eaba,  acab,  baca, 
and  ab^c  „  ,,  hbae,  cabb,  bbca,  ad>b,  d>ba,  abbe,  bacb,  bcab,  babe, 

ebab,  bcba,  abeb. 

4.  GeneraUy  "P=1.2.3.4.5.6. . .  (n-l)n.    Here  120=1.2.8.4.5. 

Hence  "P=1.2.3.4.6.     .*.  ti=6  things. 

5.  See  Art.  8 ;  the  nnmber  is  20. 

7.  First  find  the  number  of  combinations  of  the  six  digits  taken  8  at  a  time. 
Secondly,  the  number  of  permutations  of  each  of  these  combinations,  and  then  dis- 
criminate the  integral  and  the  decimal  numbers  of  three  digital. 

8.  First,  if  1  be  made  the  numerator,  and  the  successive  digits  the  denominators, 
there  will  be  formed  the  fractions  |,  i,  ^,  ^,  i,  J,  },  |,  i,  which  are  nine  in  number. 
The  same  number  may  be  formed  with  the  rest  of  the  nine  digits  as  numerators,  and 
with  the  same  denominators.  Hence  there  will  be  formed  0  sets  and  9  fractions  in 
each  set,  or  81  fractions.  Then  separate  those  identical  in  value,  and  next  arrange 
in  pairs,  fractions  with  their  reciprocals. 

9.  See  note,  Art.  2. 

II. 

1.  9t=10,  and  the  question  requires  the  number  of  permutations  of  n  things 
when  n=10. 

2.  n=8  and  —9,  n=8  will  give  the  answer. 

3.  n=7.        4.  71=12  and  —7,  n=12  answers  the  question. 

5.  Here»r,.=272,  "CV=1S6,   .-.  "0,—*-^,  which  is  only  true  when  r«2,  then 

ji^  r=ji(n- 1)=272,  and  n=17  and  —16,  n=17  answers  the  question, 
'^e.  r«4,  »=12.        7.  »=7.        8.  n=6. 

III. 
1.  »«12  and  —7. 
SL  See  Art.  8. 
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8.  If  the  p  tilings  be  removed,  n  -p  thingg  remaiii,  which  when  combined  r  at  «* 
time  will  giye  the  number  reqoired,  snpposing  that  n-pi3  greater  than  r. 

4.  If  the  p  like  things  be  removed,  theie  remain  n-p  unlike  things.     If  the  7- 
like  things  be  combined  g  at  a  time,  then  '0^  indicates  the  number  of  the  combina- 
tions of  p  things  taken  9  at  a  time.     And  if  the  n-p  unlike  things  bo  combined 
r-qtXa  time,  then  *~9Cr-^  denotes  the  combinations  of  the  unlike  things. 

.'.  *-'Or^xW^  will  give  the  number  of  combinations  taken  r  at  a  time,  each  of 

which  contains  q  of  the  j>  like  things. 

6.  By  Art  8.    Thenumberis  ^'^^^7  V"  '  <^-*'^^ 

1.2.. .n 

6.  The  divisors  of  a"  are  1,  a,  a*,  a»,  .  . .  a»,  in  number  l  +  m. 

„         „         &»    „   1,  ft,  5«,  J»,  .  .  .  &•,  „         l  +  ju 

„  ,,  C'      „    1,  C,   C  ,   C  ,  •  .  •  <^,  ,,  1  +J?. 

.  •.  The  number  is  (1 + r»)(l  +  n)(l  +;?),  or  exdnding  unity,  (1 + m)(  1  +  n)(  1  + 1>)  - 1. 

Here76600-2«.8«.5M7.     The  number  of  divisors  is  (1+2)(1  +  2)(1  + 8)(H-1)  »72,- 

7    ^n  _n(n-l)(n-2)...(n-r+l)    ,_i>,  ,(n-l)(n~2).. .  (n-r  +  l)(M-r) 

""         1.2.8...  (r-l).r         '  '  1.2. . .  (r-l).r 

.  ,.,        (n-l)(n-2)...(n-r+l)   }n    n-r)      (n-l)(n-2)...(w-r-Hy 

••    ^'"      ^••"  1.2. ..(r-1)  Jr"    r.   J"  1.2...  (r-1) 

IV. 

1.  When  one  of  the  20  things  is  left  out,  there  remain  19  things  to  bo  combined' 
6  at  a  time.    And  when  2  are  left  out  there  are  18 ;  and  so  for  the  rest. 

2.  There  are  18  things  different  and  8  alike.  First,  the  13  unlike  things  can  ba  - 
combined  4  at  a  time.  Secondly,  the  18  unlike  with  one  of  the  like  thiDgn  make  - 
14  different  things  ;  these  can  be  combined^4  at  a  time.  Thirdly,  the  13  unlike  and 
two  like  things  can  be  combined ;  and,  fourthly,  the  18  unlike  with  the  three  like 
things  can  be  combined  4  at  a  time.  The  sum  of  these  will  be  the  number  of 
combinations.  And,  lastly,  each  combination  of  4  things  can  be  varied,  and  the 
sum  of  all  the  variations  will  be  the  number  required. 

3.  There  are  six  ways  in  which  the  required  combinations  from  three  sets  can  be  * 
formed  6  at  a  time. 

1  (1)  By  combining  8  things  from  the  first  set^  2  from  the  second,  1  from  the  third. . 

»»  »»  1         »>  »»         2        „         „ 

»»  9S  1  t>  »»  *'  %9  If 

M  f»  8  „  „  1  ,1  ,^ 

»f  >»  8         „  ,1         2         „         ,,, 

and  then  taking  the  sum  of  these  combinations. 

4.  The  four  letters  e,  (2,  «,  /  may  be  arranged  taking  1,  2,  8,  4  respectively  tor 
form  each  arrangement ;  and  if  oft  be  placed  first  in  each  of  these  variations,  the 
whole  number  of  variations  and  permutations  will  be  found. 

6.  The  number  of  variations  of  the  6  letters  5,  c,  d^  e,  f,  g,  taken  4  at  a  time,  is 
860,  and  if  a  be  placed  before  each  of  these  variations,  the  result  will  give  860 
variations  of  7  letters  taken  5  at  a  time,  each  containing  the  letter  a. 

8.  Let  a,  6,  c  be  left  out,  and  d,  e, /,  g,  h,  k,  I  be  combined  2  at  a  time ;  then 
let  a,  ft,  e  be  added  to  each  of  these  combinations,  and  the  result  will  give  the  com« 
binations  of  the  10  letters  in  each  of  which  a,  ft,  c  occur. 

V. 

1.  See  Art.  8. 

2.  Suppose  21  consonants  and  fivo  vowels, 

•>C7.-?1:|?-210,  'C.-^-R    ThenbyArt.8,  «»C7,x«(?i=105O. 

1.2  1 


(2) 

8 

(3) 

2 

(4) 

2 

(6) 

1 

(6) 

1 
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Bat  as  each  combination  of  3  letters  admits  6  pennntations, 
The  increased  number  is  1050x6*6300. 
8.  Nine  different  payments  can  be  made  with  9  pence,  and  the  same  number 
*with  each  of  the  other  sums.     Besides  these  4  sets  of  9  payments,  each  can  be 
TOmbined  in  sets  of  2,  8,  and  4  payments.    The  sum  of  the  number  of  sets  will  be 
the  whole  number  of  payments. 

4.  One,  two,  three,  &c.,  coins  can  be  respectiyely  taken  to  form  the  different 
sums;  the  total  number  is  63. 

6.  See  Art.  3  and  4. 

7.  Taldng  the  general  case,  a  polygon  of  n  sides,  and  of  n  angular  points.  Three 
points  must  be  joined  to  form  a  triangle.  The  number  of  triangles  is  therefore  equal 
to  the  number  of  combinations  of  n  things  taken  8  at  a  time.  This  may  be  verified 
by  the  particular  cases. 

VI. 
1.  See  Art  8. 

8.  As  a  particular  instance  5  men  may  be  taken,  two  of  whom  must  not  be 
placed  together  in  the  variation  of  places  the.  5  men  can  occupy.  The  whole  number 
of  variations  of  5  things  is  5.4.3.2.1  or  120.  If  the  2  men  be  removed  8  remain, 
and  these  8  admit  of  8.2.1  or  6  permutations,  and  the  2  omitted  can  occupy  the 
first,  second,  third,  and  fourth  place  in  each  permutation  of  3  men.  If  24,  the 
number  of  permutations  in  which  two  specified  things  occur  together,  be  subtracted, 
the  remainder  will  give  the  number  required,  namely,  96.  Other  cases  may  be  con- 
sidered, and  then  the  general  case  of  n  men. 

4.  See  Art.  8. 

5.  Each  voter  may  vote  for  one,  two,  or  all  three  of  the  candidates. 

6.  As  n  courts  send  n-1  ambassadors,  the  number  of  ambassadors  will  be 
•n(n- 1).    The  number  of  ways  in  which  they  may  be  distributed  will  be  equal  to 

the  number  of  the  permutations  of  n  - 1  different  things. 

7.  A  different  guard  can  be  posted  on  230,800  nights  ;  18,424  is  the  number  ol 
vthem  in  which  any  particular  man  will  be  engaged. 

VII. 

1.  See  Art  2.  2.  See  Art.  2.  4.  See  Art.  4. 

5.  Here  are  9  sets  of  4  things  of  the  respective  values  8,  2,  1,  0,  and  the  question 
Tequires  9  to  be  taken,  one  out  of  each  set  of  the  four  things,  so  that  the  sum  of 
the  9  things  shall  be  16.     As  for  instance,  8  centres  and  a  miss  will  give  16. 

7.  See  Art  4.  note. 

8.  The  only  difference  of  this  from  the  preceding  question,  is  that  there  are  four 
i'aces  of  a  tetrahedron,  but  six  in  a  die. 

9.  See  Art  8. 

VIII. 
7..  See  Art  8,  and  Art.  4. 

•  8.  Since  •Cr-r'-»"C'r+/»  the  number  r+r^  must  be  complementary  to  r—f^, 

.'.  r+f'—n— (r— rO=»-r+i-',  .*.  n-2r. 

6.  See  Art  4,  note. 

6.  a*b*e*d  consists  of  10  letters,  which  are  to  be  combined  5  at  a  time ;  5  may 
U)e  made  up  by  4  +  1,  8  +  2,  8  +  1  +  1,  2  +  2  +  1,  and2  +  l  +  l  +  l. 
Hence  the  following  different  combinations  can  be  formed  :— 

a*b,  a*c,  a*d. 
a*b*,  a»c^,  6»a*,  b*c\ 
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a*he,  a*bd,  a*ed,  h*a^  h*ad,  h*cd, 
a^b'e,  a*b*d,  a^c^d,  a^cH,  b^c^a,  b*c*d. 
a^bcd,  b*acd,  e'^abd. 
The  yariations  of  these  combinations  by  Art  8  will  be  found  to  be  415. 
8.  First  let  three  points  be  taken  and  joined  in  every  way  by  straight  lines,  next 
fonr  points  in  the  same  manner,  then  fire  points,  and  so  on.     Lastly  find  the  number 
of  intersections  when  there  are  n  points. 

IX. 

1.  •r,-n'{»-l)(7i-2) (n-r+1), 

and— »f^^=(»-l)(»-2)...(n-r  +  l)(7i-r); 
.-.  -r,-'-iF;-{»-(»-r)}.  (n-l)(n-2) (n-r+1) 

8    *0  ^^i^''^)'  '  '  (n-r+1)   ,^1^  _(n-l)(n-2)  .  .  .  (n-r+l)(n-r)  , 
*"  1.2...(r-l)r     '         '  1.2...(r-l)r  ' 

.-.  ^^J^,  and-a--?_.  -'C^ 
»-*CV    n-r  n-r 

6    Ben^Ct  ^M2n-l)(2n-2) .  .  .  (2/^-2r+2)(27/ -2r  +  l) 

1.2.8...  (2r-l).(2r) 

^(2rt -l)(2?i-8).  .^  .  (2n-2r+l)    2n(2Ti- 2) (2n~2r+2) 

^  1.3...."(2r-l)  *  2.4 (2r) 

_^(2?i-l)(2;i-3) (2»-2r+l)    fi(n-l) (n~r  +  l) 

"  1.3 (2r-l)  •  1.2 r 

_(2;i-l)(2yi-8)....(2n-2r  +  l),^ 

1.3 (2r-l) 

0.  Here  JL-^^X-V^X "+2(7, 
?i(»*  - 1) 

,  1 .2.8.4     n^n^ -  l)(n«  -  2)(n«  -  8)    (n  +  2)(n  +  l)n(n-l)(n-2> 
n(n«-l)^  1.2.3.4  ^  1.2.3.4.5 

_nVyi«  -  l)(n«  -  2)(n«  -8)(n»  -  4) 
1.2  3  4.6 


EESULTS,  HINTS,  ETC.,  FOE  THE   EXERCISES  ON  THK 
BINOMIAL  AND  POLYNOMIAL  THE0BEM8. 

• 

I. 

1.  o«+9a*x+27a»«+27aj».    a^  +  ina*h  +  6n*a*h*  +in*ab*  +n*b*. 

I  -  10aj+  40x«  -  80aj»  +  80aj*  -  82aj». 
64  -  960y + 6000y«  -  20000y«  +  87500y*  -  37600y»  +  16625y«. 
o>  ♦  +  7a»  »j;"  +  21a^  °x*  +  85a«««  +  85rt''a:»  +  2la*x^^'+  7a*x^  ■  +«'  *. 
256aj»  +  8062x"y  +  48884aj«y«  +  48884a;»y»  +  90720a;*y*  +  108864aj»y»  +  81648a:»y« 

+  34972a5y'+6561y". 
The  other  examples  offer  no  difficnlty. 

The  ezpannon  of  (2  +  >/3)*  can  be  exhibited  in  the  form  862+209/^/8. 
Also  the  expansion  of  {x+x"^)*  can  be  pat  into  the  form 
(«♦  +  «-*)  +  4(x*  +  »-')  +  6,  as  also  the  expansions  of  the  other  powers  of  x±  a?-' . 

II. 
The  following  are  the  series  which  arise  from  the  first  set  of  examples. 

(l±a;)-«-l+2iB+3a;«+4«»  +  6x*+6a:*  +  7««+  .  . .  +iMc'-*+  . .  • 
(l±ar)-»-l+3a;+6a:«+l(te»  +  15a;*T2lK^+  ...  +?l^±llaj^»+. . . 

(l±g)-*"lT4g+lto*+20g»  +  85g*qh56g»+...?^^^'';^2^g'*'^\g''"'4-. . . 
(l±»)-^-l+S»+15»'+8Sx»+7(te«T12te'+...T'^^-^y/'^^"^^^ 

3^-'+.. 

(1  ± »:)-•- 1  Hh6x + 2la!» +56a;»  +  126a;* +262a;» +.. . 

■*■ 1.2.8.4.5 *^     ^••- 

The  examples  under  2  and  8  offer  no  difficulty,  as 

V.    *i  2       2.4  2.4.6         2.4.6.8  2.4.6...  2j> 

The  fint  example  ander  4  is 
(a!+»-■)■-(a?^+ar^)+??<^LV-«^-«^*^^)  +  *t"-^)<"-'^\(a^+a^-'^^<)-^.. . 

1.2  l.^.o 

n(«-l)(n-2)...(|+l) 

^ — ^,  when  n  is  even. 


1.2.8  •  •  •-- 
2 

n(n-l)(»-2)...!^ 
OP + ^  .(a5 + ar-*)  when  n  is  odd. 

I.2.S. .  .     _ 
2 

5.  When  the  index  of  the  binomial  is  not  a  positiye  integer,  the  expansion  will 

be  more  readily  effected  by  reducing  the  binomial  into  such  a  form  that  the  first 

term  shall  be  unity,  as 


(a.+xT-{««(l+g)}--a--(l+g) 
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L       w'a*"^         1.2        'a*"*"  1.2.8  *a» 

_v/itW«*     m(m - n)  aj*    m(m-»)(m-2n)  a:«  ,        ) 
i       »  a»^  1.2.»«    a*^        1.2.8.»«         a«  J 

And  if  required,  a"  can  be  mQltiplied  into  each  term  of  the  expansion. 


) 


In  the  same  manner 


(aW+aMM-  [aW  A+?j)  j~*-a-»Va,-AA +^Jy 


f 


...wh--.!lili).^.KilM!!)...,..j 

(       7  ^r        1.2        J  1.2.8  a  ) 

i       7  a;*    7.14  «!    7.14.21  a  ) 

III. 

The  binomial  theorem  may  be  sometimes  advantageously  employed  in  finding 
approximations  to  the  roots  of  nnmbers  in  cases  where  the  given  number  is  not  an 
exact  power.  The  method  can  be  applied  to  the  fifth,  seveUth,  <>t  any  other  roots 
as  readily  as  to  the  square  and  cube  roots. 

When  the  number  whose  root  is  required  does  not  differ  greatly  in  excess  or 
defect  of  the  same  power;  in  such  coses,  the  convergency  being  rapid,  the  required 
root  can  be  determined  to  six  or  seven  places  of  decimals,  by  means  of  a  few  terms 
of  the  expansion. 

There  are  numerous  forms  of  series  which  result  from  the  expansion  of  expressions 
by  the  binomial  theorem,  and  the  sums  of  such  series  may  be  determined  by  dis- 
covering the  forms  of  the  binomial  expressions  of  which  the  given  series  are  the 
developments.  Where  no  direct  methods  can  be  discovered,  approximations  can 
■always  be  made  when  the  series  are  convergent. 

1.  2*2860.  2.  2  8284.  8.  100882.  i.  8*6170.  5.  2*0044. 

6.  5*1961. 

IV. 
1.  See  Art.  8,  p.  20. 


1  1       ^_    X       \      1+x/  V      l+jc/ 

1+aj  1+aj 

2.a+J-e<£±»)._f fL_.a(l  — >  )-".  and  (a+^i.^l—LY] 

a  a       -        5  \       a+bl  ^  V      aib/ 


a+b  a+b 


4. -i^-JL— L.-fi-i)  .and  j-!^r--ii-in. 

»-l    w-1     i_l     \      »/  (n-1)        (       n) 


n 


•7.  (ra,9)>,far^-2gM*_f(a;*>2a;'  +  l)->n»_|(x»>l)«---l|l 

^x--l    J,  1        I* 

IT"  \       {^^T)*  \  ' 


57 


l+»  1+aj 

1  ^o>«. 
9. 

l+x 

l  +  2x     "     1+235 


1+g  *  1+a?  "'■^_     g     *\      l  +  2a/ 


V. 


+•.. 


8 


1.  (l+x-)^+«.i+a:i+a,.+«!    51    «1^.  &C. 

2      8      6 

(    ^  l+«^     1.2      Vl+aj/  ^        1.2.8         \l+«/ 

-(1+a;)-.  j  1-r^  I  *",  by  Art  8,  p.  20. 
I        l+x  I 

■  =-*-!^-i:-rfi-(-r.  -  -('-r- 

1  +  1  2 

8.  The  giyen  expression  arises  from 

VI. 
1.  Here  (1  +a:+2ar«  +8j;" +. . .)«  =»(!  -as+««)«(l  -»)-*.     And  the  coefficients  of 

fl^  in  the  product  of  the  two  expansions  will  be  found  to  be  .  *. 

8.  Lct^«1.2  +  2.3j!;+3.4;B«+4.6aj»+...  (n+l)(7i+2)aj», 

then^x-=»1.2a;+2.3j:'  +  8.4a:»+...  +(7i+l)(n+2)i"+» 
.-.  ^(l-a)-2(l+2a;  +  3j;«+4aj»+...)-(»+l)(w  +  2)a:^^ 
4.  |{2(»  +  l)»  +  (7i+l)|.        5.  i(»-6)(»*-l).         6.  ^{2(»+l)>+(ii  +  l)}. 

7.  ?!z:^._^.        8.  2— '(n«  +  4n+2).        9.  4»+L 
10.  l«+2»+8«+.,.+(ii+l)«. 

VII. 

1,  (1  -  a;)*=l  -  ia; + &c.  =1  -  4*  nearly.    Similarly  (1  — «)*  - 1  -  -J*  nearly, 

and I 1 =  =— L. .— L-«£.  nearly. 

l  +  V(l-aJ)    l  +  V(l-«)    2-iaj    2-i«    24         ^ 

8.  Let  a;=l  +  h,  when  A  is  small. 

Then  af»=a(l + A)'"=sl + wiA+ &c.  •!  +  wA  nearly,  and  ina!"a*j»+m*A  nearly^ 
and  a:"s=(l+A)»=sl +7i7t+&c.  =l+nA  nearly,  and  waj*«=an+»*^  nearly. 

/.  fna?»-naj»s=(m— «)|l  +  (wi+n)Al 

and  ?Elll5£!-.l  +  (m+n)A  nearly =(l+^)»+'»=»*+»  nearly. 
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ib—x)         6"     /i_6\*  o* 

=l  +  ?(i+l).  a:  nearly 
a6 


««+») 


=theratioof  (1+a:)   •*    to  1 
nearly  when  x  is  veiy  small. 

(l~a;)~*-f(l  +  a;)"*_    (        9  248  9261 

(        9        243        9261 

"^       8       81       729  " 


VIII. 
1.  See  Section  III,  pp.  8—6. 

IX. 
g+5V-l    g+^V-l     a  +  6's/-l     a* -h* +  2ah\/ -I    a<-&«     2fl5V-l 

6.  Expand  the  expressions,  and  find  their  snm  and  difference. 

8.  The  expression  (1  + V2)**={(1  + V2)"}"=(8  +  2V2)\ 

9.  Here  (2+  V8)»==2''  +V^^2-'\Z -f  ^^ "  ^^^^ "  ^>C^ '  ^).2-^.8*. . . 

^  1.2  1.2.8.4 

+  VS(n.2-i+^i!LiK!LL2).2-».3+. .  .1 
»  1.2.8  'J 

anl  (2- V8)"«2-+!^<^>.2^.8  +  ^^^- \^^::-;^](^ - ^).2"-*.8». . , 

l.«  1.2.3.4 

^nd  2  + V8  being  greater  than  8  but  less  than  4,  is  partly  integral  and  partly 
docimal. 

Also  2  -  V8  being  greater  than  0  but  less  than  1,  is  wholly  decimal. 
«'.  (2+ V^)*  >>  partly  integral  and  partly  decimal,  and  (2  -  V3)"  is  wholly  decixpaU 

If  1  and  2?  I  denote  the  integral  and  decimal  parts  of  the  former,  and  D^  the 
decimal  of  the  latter, 

then  (2  +  v8)"+(2- V3)"=/+2)i+2>,. 

.^/^-i),+Z>,«2(2"+!i(lril2''-«.8^•'^<'*"^>^^-"^X^-^>.2^>-^.8«+...^ 

*  ^  1.2  1.2.3.4  * 

which  is  wholly  integral,  as  all  the  coefficients  are  integral. 
.*.  /+2>i +i>t  ^  an  integer,  and  /being  an  integer,  i)|  +i),  mast  be  an  integer 
or  aero. 

Bat  since  2>,,  2),  are  decimals  each  less  than  nnity,  />,+!>,  li^  between  0  and 
2,  and  1  is  tiie  only  integer  between  0  and  2,  .'.  />i  +/>a=l. 
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.-.  /=.2{2«-"i^i>2>-'.8+'^**~^><'*~^>^'*~^>.2'-«.8«  +  ...}-l 

1.2  i»M»o»^ 

is  the  integral  part  of  (2  +  \/Z); 
and  Dj «1  - D^  =1  -  (2-  V8)"  the  decimal  pui  of  (2+ V8)*. 
The  truth  of  the  general  form  may  be  illostrated  by  taking  n  equal  to  2,  8,  4,  &c. 

XI. 

2.  The  coefficient  of  «» in  the  expansion  of  (l-a;)-'=*<':±_^5(»'+2).^.(»-+W:il), 

*  1.2. 3.. .A 

and  the  coefficient  of  sb"  in  the  expansion  of  (1 +aj)*»+'^-* 

_(n+r-l)(w+r-2), . .  {(n+r-l)-n+l} 

1.2.8...  n 
_(w+r—l)(tt+r-2). . .  (r+l)r 
**  1.2...  n 

Hence  it  appears  that  the  two  expressions  are  identical. 

6.  Let  "JV  denote  the  coefficient  of  the  (r+l)th  term  of  ^,       ^  ,    and    *^^Tr, 

(1-^a;)" 

•H-»7V-i  the  (r+l)th  and  rth  term  of        ^ 


(1  -  x)-+» 

Then »+>r    -ny   ,-(^+^)(^--^)"  •(^+^^^)(^+^')  _ (n+l)(n->>2) . .  .  («^-r-l> 
*■  *^  1.2. . .  (r-l).r  1.2...(r-l) 

_(«+l)(n-f2)..  .(n-fr-1)    jn+r    t  |._w(»  +  l)(w  +  2). . .  (»+r-l)    ,«> 
1.2...  (r-1)  ^^'  I     r    "    S  1.2.3. ..r  "     " 

XII. 

1.  Here  l+lc,+k+icf.  +  .  .  .  .^l^^^^^^^^.'^^Z^ 
2         8         4  1.2      1.2.3  1.2.8 

n(n-l)(n-2)(n-8)  1 

1.2.8.4  *■"/ 

M+ir  1.2  1.2.3  J 

-    1    Ji^(n-H)n.(n+l)n(ii~l)_,         ^.1 

;ri:il^T2~"+— 1.2:3 — ^•••'    V 

"^iii^^"'] 

8.  a)  Here  (l+aj)-=l+«»+!5<i:iL)a!«+^l5=^^ 

1 .2  1 .  2  •  V 

^n(n-l)..  .(n-r+l)^y_^_ 

1.2 ....  r 

Andi!=n,?5?=:n-l,?^*=n-2,i24=n-3,  &o. 
Oq         Oj  a,  a^ 

/.£Li+??^+?£i+...!?^=n+(n-l)+(n-2)+(n-8)+&c.,toi»term8-5(?:±^^ 

Oq       ^1        ^a  <^»^1  1*2 

6.  See  p.  26,  note. 

7    •/?  _w(^-l)-  .-(n-r+l)       ,  ^^  _n(n-fl)...(n+r-l) 
1.2...r  '  '  1.2. ..r 

.  n-\-r       1.2.8....r        nn  mj)  _w  +  »*        1.2.3. ..r 


n     (r+l)(r+2) 2r  »     (r  +  l)(r+2). .  .2r 

ft(n-l)..  .(»-r+l)  n(n+l) (n  +  r-1) 

1.2....  r  •  1.2 r 

-r (» + r)(n+r~l) (w  +  l)n(n-l). . .  .(7^- !1±1) =i.+r^ 

1.2,3....  r.(n  +  l)(r+2)....2r  ^ 


60 

8.  The  coefficients  of  the  (;?  +  I)t1i  terms  of  the  expansions  of  {a-hh)-',  (a +26)^ 
<(i+23&)^,  &c.,  will  be  identical,  and  the  sum  of  these  terms  will  be 

2p{2p-l)....{p+l)^^  6P.  }  1  +  2^ + 2«J'  +  2" + toi? tenns ] 
1.2. ...i>  i  J 

^2p{2p^l).,.{p  +  l)^,^l^^ 
1,2.... p  1—2'' 

XIII. 

The  exercises  ander  this  number  offer  no  difficulties.  Both  the  expansions  and 
the  particular  terms  of  expansions  required  may  be  readily  effected  by  means  of  the 
.general  forms  given  in  the  preceding  pages  20^-24. 

10.  When  the  index  is  fractional  or  negative  the  same  rule  applies,  as  in  the  case 
of  finding  the  12th  term  of  (a  -  &d+(sb*  -  dx*  +ex*)^:  the  equations  of  condition  to 
be  fulfilled  are  p+q+r-h. .  .=*,  q  +  2r+^+. .  .=11. 

XIV. 

2.  Here  asl  +  (a  - 1).     Let  n  be  any  variable  number, 
theno"={H-(a-l)}" 

«1+  |(a-l)-^^L:il^V^.^^^  by   collecting 

the  terms  of  the  coefficient  of  n,  and  putting  S,  C,  &c.,  for  the  coefficients  of 
n^,  n*,  &c. 

Let  (a-1)  -  li:ilL*  +  <^:ill*  -  &c.  =A,  and  Sn^  +  CVi»  +&c.  «P*t, 

mm 

thena«=l+^»+P/»«=l  +  (^+Pn)»i,  ando««a"» 

.-.  a»={a"}»={l  +  (^  +  Pii)»}-i 

?(?-l)  ?(?.l)(?-2) 

-1  ■f-g(^+P/t)>t+^^^      '(A  +Pn)^^  ^n\n      /\n      /^^  +p»)tn«  +. . , 
1  1*2  1.2.8 

l.«  1.2«o 

Now  this  is  true  whatever  may  be  the  value  of  n,  for  a'  is  obviously  independent 
of  the  value  of  n.    Let  n=0, 

1.2^1.2.8 

in  which  ^=(a-l)- (l:iiL%(±zll!-&c. . .. 

2  8 

3.  Herec'-l+a:+i^+^l.+... 

1.2^1.2.8 

^<j.e*.c  fS  •  •  • 

\  L2  /\  1.2  /\       2^8  A        6^216  / 

Find  the  first  six  terms  of  the  series. 
5.  In  the  product  of  the  expansions  of  (1  -  a;)-*"  and  ^,  find  the  aggregate  of  the 
products  of  every  two  terms  which  contain  «*". 
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7.  This  expression  may  be  deduced  from  the  identity 

f  1  +  -  j    ''^  )  (^  ~1' "]    (  9  ^^^  taking  n  greater  tlian  any  aesignable  quantity. 

For  (l+lV'=l+«;cU?^^5^^'.--+52<Hli)<!!5zi).l+fto. 
\      «/  n         1.2       n«  1.2.3  n« 

,    -H)  <-l){'-t)  . 

=l+«+-j^2-  + j^2^j .+4c. 

\      n/  n       1.2      n»^        1,2.3         n* 


1 


■H)  '•(-l)(-l) 


1.2  12.3 

..!+«+      J  2      *  1.2.3 

l.(l-2)     l.(l-l)(l-2^ 
c       ,         \      nJ  ^     \      n/\      n/     .     ) « 

-p+^  +  -T2-+ 1:2:8 +*«•{ 

1  2 
Let  •  become  greater  than  any  assignable  quantity,  then  -,  -,  kc,   respectively 

bppnifi  lees  than  any  assignable  quantity,  and  therefore  may  be  rejectedi  and  there 

re8ult8l+a;+~+-^  +  &c'=}l+l+JL  +  -L.+  &c  { '. 
1.2^1.2.3  J  1.2^1.2.8  ) 

\      nxf  tw^       1.2        n*x^^  1.2.8  n*x* 

i.(i-l)  i.(i-i-)(i-A) 

«l  +  l  + -— -f  ,  ^  o +•  •  • 

1.2  1.2.3 

when  X  becomes  indefinitely  great,  —  becomes  indefinitely  small. 

nx 

And  series  becomes  =1  + 1  +r—  +  ^ — -  4* . .  • 

1.2    1.2.8 

9.  The  successire  terms  of  the  given  series  will  be  the  coefficients  of  scf*  in  the 

respective  expansions  of , _,  ± -, -,  &c. 

1-x        (!—«)•     (l-a;)*        (1— «)* 

But  these  terms  constitute  a  geometrical  series  continued  indefinitely,  the  first 

2*                                                ^-^2?^ 
term  being  -fL. ,  and  the  common  ratio  ~-^- . 

1-x  (1  -  Jd)" 


»ii.   .  .         2"+*  2"+'  2" 

Their  sum  is       ^  ^  ^ 


H'-l) ' 


4-4a:  +  a;«     (2-;r)«     /j.^V 

And2-(l-^)"'=:2-(l  +  2.?  +  3.^+4.^+...  +(»4-l)^ +. . .  { 
\      2/  (.  2        2*        2»  *    i    '2"  I 

The  nth  term  of  which  is  2".  (»  +  l)^  =  («+!)«". 

Hence  2"  -  (n- 1)2*^  » + (!Ll|l^"±). 2"-»  -  &c.  =n + 1. 

1.2 


KESULTS,  HINTS,  ETC.,  FOR  THE  EXERCISES  ON 

PROBABILITIEa 

L 

2.  The  probabOitioi  of  a  person  alive  at  the  begiimuig  of  each  of  the  following 
six  decadesy  not  murlTUig  10  yean: — 

1.  At  the  age  of  10  years  is  ^^' ,  or  between  i-  and  ^. 

^  "^  590    llff'  12  11 


^  "  ^^     "        539"6F5'  "  7 


^'  If  ^^     »         r^^^iTTf 


7       1  1 


$$ 


^'  u  40       .,  ;^-r^, 


470    6^'  "  7 

78       1  1 


»f 


393  5^'  6 

R  Kn  85       1  1 

'  '         815  Zl%  4 

A  «n  87       1  1 


«• 
1 

«• 
1 

^  • 

5 

1 

^  • 

3 
1 

^  • 

2 
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Dr.  Carpenter,  the  eminent  physiologist,  lias  remarked : — '^t  has  been  ascertained 
that  from  abont  the  age  of  18  to  28  the  mortality  is  much  greater  in  males  than  in 
females,  being  at  its  masdmum  at  25,  when  the  viability  (or  probability  of  life)  is 
only  half  of  what  it  is  at  puberty.  This  fact  is  a  very  striking  one,  and  shows  most 
forcibly  that  the  indulgence  of  the  passions  not  only  weakens  the  health,  bat  in  a 
great  number  of  instances  is  the  cause  of  a  very  premature  death." 

II. 

8.  Suppose  the  3  the  number  of  points, 

then  the  chance  of  throwing  3  in  the  first  throw  is  |. 

And  in  the  second  throw  the  chance  of  ftulure  is  f . 

Therefore  the  required  chance  is  ^  X  f  » A* 

4.  By  Art.  5.   the  probability  is  <^*+^^\+^\    And  when  a-1  and  6-5 

{a+b)* 

.'.  1±^±Z5«^  the  probabiUty  required. 

Dtherwise  tlie  probabiUty  of  faUure  is  — ^.l^S    an^of  success  1-1?5«^. 

6»     216  216    216 

5.  In  each  of  his  three  throws  A  may  throw  1,  2,  8,  4,  5,  or  6  points,  and  the 
number  8  can  be  made  up  by  the  following  throws : — 

1,  1,.6;    2,2,4;    8,3,2;    1,2,5;    1,8,4. 
Kext  B  in  three  throws  can  make  up  7  points  by  the  throws 

1,1,5;    2,2,8;    8,8,1;     1,2,4. 

6.  One  throw  gives    4  chances,  8  unfavourable,  and    1  favourable. 
Two  throws  give  16        „      9  „  „       7  „ 
Three       „         64       „    27           „           „     87 

Therefore  two  throws  give  the  odds  against,  9  to  7; 
three  throws  give  the  odds  for,  37  to  27,  greater  than  an  even  chance  by  ji2L 
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7.  With  one  throw  there  is       1  chance  £Eiyourahle  and       5  nnfavoarable. 
With  two  throws  there  are  11  chances  „  25  „ 

three     „        „         91    '    „  „  125  „ 

four       „        „       671        „  „  625  ,, 

five        „        „     8651        „  „  8126  „ 

&c.  &c. 

With  three  throws  the  odds  against  are  125  to  91; 

but  with  four  throws  the  odds /or  are  671  to  625. 

There  is  less  than  an  even  chance,  in  three  throws,  but  greater  than  an  even 

<:hance  in  four  throws,  and  still  greater  than  an  eyen  chance  in  five  throws,  ftc 

8.  Since  in  one  throw  there  is  one  chance  of  succeeding  and  five  chances  of  fSuling, 

•Suppose  X  the  number  of  throws,  then  |  -  |  « probability  of  failing  in  x  thrown 
But  as  the  wager  is  the  samey  Ikiling  and  succeeding,  this  probability  of  success  and 
failure  will  be  represented  by-,  .'.  Jrl'^-,  taking  the  logarithms  of  this  equa- 
tion ajjlog  5 -log  61- -log2,  .-.  «- ]^^ — :^l®.21?l?=3-82  nearly;    that  is, 

^    ^  *    ^  °   '  log 6 -log 5     -07918  ■^' 

the  chance  is  greater  than  3,  but  less  than  4,  and  nearer  4  than  8. 

In  4  throws  there  is  also  an  equal  chance  of  throwing  any  one  of  the  other  fire 
faces  of  the  die. 

(85\*    1 
36/  "o*      °* 
which  a;— 24*605  nearly. 

9.  First  suppose  one  ace  to  be  cast,  then  setting  aside  one  die,  there  remain  9 
dice,  of  each  of  which  only  5  points  must  be  taken. 

The  number  of  combinations  of  these  will  be  6',  which  when  combined  with  all 
the  aces  in  the  10  dice,  will  give  10.5*;  and  the  number  of  the  combinations  is  6^**. 

.-.  The  probability  of  casting  one  ace  is  ^^-^^466176 "I  ''^^^' 

Next  if  two  aces  be  cast,  then  setting  aside  two  dice  there  remain  8  dice,  of  each 
of  which  as  before  5  points  are  to  be  taken. 

The  number  of  combinations  of  these  will  bo  5*,  which  when  combined  with  all 

the  aces  of  the  10  dice  taken  2  at  a  time  will  give  ^^*5>,  and  the  whole  number  of 

combinations  is  6*^. 

.-.  The  probability  of  casting  two  aces  -^|i|!.ggg25^17  ^^y^ 

Thirdly,  suppose  three  aces  to  be  cast. 

Then  »o(7,  -l^'^'-  the  number  of  favourable  chances  of  8  aces  with  10  dice,  and 
•     1.2.8 

6^  is  the  number  of  combinations  of  the  other  5  points. 

rr«      ^      ^t.         1.  i..«^   *       X.-      11.  •    10.9.8   6'      9376000      2-   -^j„ 

Therefore  the  probabUity  of  castmg  three  aces  is  «__.._«^_^j^-- nearly. 

10.  First,  the  chance  of  the  tetrahedron  falling  on  some  one  of  four  faces  marked 
1,  2,  8,  4,  isf-1. 

The  chance  of  the  cube  falling  on  some  one  of  four  faces  marked  1,  2,  8,  4,  is 

The  chance  of  the  octahedron  falling  on  some  one  of  four  faces  marked  1,  2,  8,  4,. 

is  I-}. 

The  chance  of  the  dodecahedron  falling  on  some  one  of  four  faces  marked 

1,2,8,  4,  U  A-:}. 


•\  The  chuiee  of  all  four  falling  on  some  ono  of  fo<Brfitcs»u<  tx  f  x-fXi'**  {.. 

The  same  result  will  appear  from  the  consideration. 

All  the  possible  cases  that  can  occur  with  tie  four  pcdyhiedrons  is 

4x6X8x12-2304. 
And  the  cases  of  the  four  specified  numbers  is  4  x  4x4X4*250* 
.*.  The  probability  required  is  ^^^i* 


III. 
1.  Here"C7="C74=— ^  — =all  the  combinations  of  the  black  and  white  ballsy 

K   A    9 

7  at  a  time ;  and«(7,  c/ri^iBall  the  combinations  of  the  6  white  balls,  8  at  a  time. 
The  chance  reouired  is  ^liL^^llil^i^S    iO  ^1 

2.  Here  *<C7,srri£^.630  the  number  of  pairs  which  can  be  drawn* 

Of  these  ^og^^^^^iS  pairs  of  white  balls.    Also 

i4Cf^  „?:^=91  pain  of  red  balls. 

10x12=1 20  pairs,  one  white  and  one  black. 
10x14*140  pairs,  one  white  and  one  red. 
12x14=3168  pairs,  one  black  and  one  red. 
And  since  there  are  120  favourable  chances  out  of  630  chances,  the  probability  of 

success  is  — = — ,  and  the  probability  of  failure  is  1- — =-I.    Hence  the  odds 
630    21'  ir  J  21     21 

against  are  as  17  to  4. 

3.  There  afe  8  red  balls  and  12  not  red,  or  8  events  in  favour  out  of  20.    The 

8  2 

chance  of  drawing  a  red  ball  is  ~  or  ^ 

^*  20        6 

4.  Here  '*C?4«    •     '    '  =495,  all  the  possible  combinations  favourable  and 

unfavourable  of  the  12  things  4  at  a  time. 

Next  »Ci.»(7i.»<7,.*Ci=3.3. 3.8=81,  the  Munber  of  favourable  combinations 
«f  the  12  things  4  at  a  time. 

.•.  The  probability  required  is  — r=--- 

495    55 

7      9     10 
6.  The  separate  probabilities  are  — ,   — ,  -—  respectively. 

18     18     18 

.',  The  probability  in  favour  of  the  event  is  73X2^9^824 ' 

85     289 
the  probability  against  ^'^-■^^.^^^.  and  the  odds  against  is  289  to  35,  or  greater 

than  8  to  1. 

9.  Here  is  a  case  of  an  event  being  dependent  on  another  event.  After  the  first 
exchange  the  urn  A  contains  1  black  and  2  white  balls ;  and  £,  1  white  and  2 
blackballs. 

In  the  second  exchange  the  probability  of  a  white  ball  taken  from  'diB-,  also  the* 
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-probability  of  a  black  ball  taken  from  B  is  also  - :  and  the  probability  that  both 

8 

2    2     4 
these  erents  will  happen  is  =x-=— 

8    8    9 

On  this  hypothesis,   that  A  now  contains  1  white  and  2  black  balls,  and  B 

contains  1  black  and  2  white  balls, 

In  the  third  exchange,  the  probability  of  a  white  ball  being  taken  from  A  is 

- ,  and  a  black  ball  from  B  is  also  -  :  and  the  probability  that  both  these  events  will 

8    8    9 

4 
Now  since  the  probability  in  the  second  exchange  is  -  that  A  contains  2  black 

4ind  B  2  white  balls.    Also  since  the  probability  in  the  third  exchange  is  r  that  A 
•contains  1  black  and  B  1  white  ball. 

Therefore  the  probability  of  8  black  balls  in  A  and  3  white  in  P  is  ^Xx^^ 

V        9        OX 

10.  Here  ttg    J^^-^^'^^'^^-^^-"'^'^  aU  the  possible  combinations  of  26  balls, 

*°  1.2.3.4.... 10  *^ 

10  at  a  time. 

And  >C,=>-  sets  of  bine  balls,  »{7,«^i  sets  of  white  balls, 

ec,=^44  «ete  of  bhick  balls,  'C^=?^^4^f  sets  of  red  balls ; 
•     1.2.8  *     1.2.3.4  ' 

'       •       •       *     1  1.2  1.2.3  1.2.8.4 

,..  The  chance  is  1  ill. ii5.1^«4:^.^26^5^^  nearly. 

11.21.2.81.2.8.4'    1.2.. ..10      1062347     664  ^ 

11.  Let  X  denote  the  number  of  white  baUs,  a; +11  is  the  whole  number  of  baUs. 

ThenH.iia-(^jtm(^tlO)(^±9)(^jt8)    ^^  i.n^UilMi3. 
.    *  1.2.3.4  '  *       1.2.8.4 

.-.  -.^9* lL-l^L?-8 igthe  probability  that  the  4  baUsdAiwn 

•+"O4^(:c  +  ll)(.r  +  10)(j;+9)(a:  +  8)  ^  ' 

4ire  red. 

•  •.  "P,.'g,»=f4--    f  o    i«  the  nombwof  iraysinwhichllMllaean  be  dniVD, 

1.2  Lm  Jt 

2  red  and  2  white, 

,  ^^C^,*C^ 11.10.2.3.g.(a;-l)  _ 

*+»»C7^  ~(a:+ll)(a;  +  lb)(a;  +  9)(a;  +  8)' 

„  11.10.9.8  11. 10. 2. 8. g.  (ar  - 1) 

®®(a-  +  ll)(a;  +  10)(x  +  9)(«+8)"(a;+ll)(a:  +  10)(a:  +  9)(a;  +  8) 
or  \^—x{x  - 1),  0=4  and  -  8.    The  number  of  white  balls  is  4. 

12.  The  number  10  can  be  made  up  in  four  ways  by  taking  three  numbers — 

1,4,6;    2,3,6;    8,8,4;    4,4,2. 

IOC. -^ii?- 120,  ♦a,-li^  =  4,  .-.  the  chance  is  -i;-sx- 
•      1.2.3  '        •     1.2.8      '  120    80 

13.  First  find  the  number  of  combinations  of  all  the  8  numbers  taken  4  at  a 
time.  Next  all  the  number  of  combinations  of  four  of  the  numbers  whose  sum  is 
17,  bearing  in  mind  that  every  one  of  the  8  numbers  is  likely  to  bo  drawn  each  time. 


K 
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IV. 

I.  Since  A'a  skill  is  to  ^'s  as  8  to  1.     This  implies  that  A  wins  8  games  wliil» 
B  wins  1.     ,',  A*B  chance  of  winning  one  game  is  J,  and  B*b  }. 

6.  The  chance  of  the  correctness  of  A^b  affirmation  is  ),  and  of  his  negation  |. 
And  the  chance  of  j^'s  affirmation  f ,  of  Ms  negation  is  ^. 
•  '.  The  chance  of  ul  and  j^'s  affirmation  is  |X|»|,  and 
of  A*B  and  3*b  negation  is  i Xi>- A. 
And  these  two  agreements  are  ezclosiye. 
.*.  The  chance  of  one  or  the  other  is  |  +  ^"-i$. 
That  is  they  agree  in  16  ont  of  24  of  their  statements; 

8.  The  chance  of  a  white  ball  being  drawn  is  ^ ;  of  its  not  being  drawn  (• 
The  chance  of  A  speaking  trath  is  f ,  and  of  his  failure  }. 

»f        »»      •**  »»        f»  z  »»        »>        »• 

The  chance  of  A  and  B  both  speaking  trath  is  Jx  ^ «i, 

and  the  chance  of  their  failure  is  i  X {  *^. 

The  chance  required  is  — tit —  b|4. 

9.  Here  the  chance  of  winning  is  equal  to  the  chance  of  losing  a  game,  and 

therefore  is  equal  to  }.     And  each  of  the  three  simple  chances  is  }. 
Therefore  in  each  of  the  three  cases  the  chance  required  is^X^x^af. 

10.  By  reference  to  the  general  formula.  Art.  5.  n=6,  r—2,  and  inthis  case  th& 

chance  is  <*  +o^  o+loa  o    ^j^^f^  ^.^  |^^  6—20,  its  numerical  value  is  - — . 
(a+6)«  21« 

II.  First  looa  -100^99,98,97^6    «^      6J    ,,^95.94.98 

"  1.2.8.4.6      '       •     1.2  •        1.2.8 

Then  •C7..»»a..?SJ>4^  6^4 
•        1.2.3      1.2 

Hence  the  chance  required  is  100M,9B,97^_^  ( 95.94.98  5J  ) 

^  1.2.3.4.5        •   I     1.2.8      1.2) 

V. 

1.  There  are  10  +  5  +  8  +  2  + 1  =  21  coins,  and  two  of  them  are  to  be  drawn.    The 
chance  of  any  two  being  drawn  is  -fj,  and  the  expectation  is  ^X(£10  14s.  Id.)- 

2.  The  chance  for  4s.  is  -^ ;  for  8s.  -^,  and  for  5$.  ^, 

.'.  The  value  of  the  expectation  lb  li±ii±^«?5  shillings. 

4.  Here  4+6^10,  and  -j^  is  the  equal  chance  for  drawing  each  prize. 

The  value  of  the  expectation  is  i±l±i±2?«??-2i  shillings. 

10  10 

5.  The  bag  contains  9  coins ;  if  8  be  drawn,  the  chance  is  f,  or  j^  of  the  valne  of 
the  coins ;  that  is  j^  of  107  shillings,  or  £1  15s.  Sd. 

6.  The  price  of  a  ticket  will  be  the  sum  of  the  expectations  for  each  priz3. 

There  are  4  tickets  out  of  100  for  a  prize  of  £100  ; 

the  chance  of  a  piize  of  £100  is  — .  or  — -, 
^  100        25 

and  the  value  of  the  expectation  of  this  prize  is  fi-2aB£4. 

Similarly,  the  value  of  the  expectation  of  a  prize  of  £50  is  Zzza:£3^ 

£5 
And  the  value  of  the  expectation  of  a  prize  of  £5  is  _Bi£l. 

The  sum  of  the  expectations  is  £10,  the  value  of  a  ticket 
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CUBIC  AND  BIOUADBATIO  EQUATIONS. 

Art.  1.  In  the  theory  of  equations  are  Gonsidered  equations  inyolT- 
ing  one  unknown  quantity,  which  is  supposed  to  admit  of  as  many 
values  as  the  highest  power  of  that  quantity  involved  in  the  equation.* 

The  notations  p^  q^  r,  &c.|  and^j,  p^y  p^y  &c.,  employed  as  the  co- 
efficients of  equations,  are  to  be  considered  as  denoting  generally  the 

— _^ ^ 1 1  I       -  I 

• 

*  When  two  equations  are  given  Inyolring  two  unknown  quantities,  either  of 
the  unknown  quantities  can  be  eliminated,  and  the  resolting  equation  will  involve 
only  one  unknown  quantity,  and  the  highest  power  involved  in  it  will  depend  on 
the  powers  of  the  unknown  quantities  in  the  given  equations. 

In  the  same  manner,  if  three  equations  be  given  involving  three  unknown 
quantities,  any  two  of  the  unknown  quantities  can  be  eliminated,  and  an  equation 
found  involving  only  one  of  them.  In  like  manner,  if  four  equations  be  given  with 
four  unknown  quantities,  any  three  of  them  may  be  eliminated,  and  the  resulting 
equation  will  involve  only  one  of  the  unknown  quantities. 

This  may  be  exemplified  by  the  two  f  oUovring  examples : — 

1.  Any  two  of  the  unknown  quantities  x,  y,  z  can  be  eliminated  between  the 
equations  x+y+z=sp,  xy+xz+y2=q,  xyz^r^  and  the  resulting  equation  will  in- 
volve only  one  unknown  quantity. 

Let  y  and  ebe  eliminated,  then  y^-z^p-x,  yz=-.    Substitute  these  values  of 

X 

•/ + «  and  yz  in  a?(y +2) + yz^q,  and  x{p^x)  +  ^=q,  or  »•  — jw*  +qx- r=0,  an  equa- 

X 

tion  which  involves  x  only. 

In  the  same  manner,  if  x,  z  were  eliminated,  the  resulting  equation  would  \fid 
f/^  -py^+qy-r=0;  and  if  x,  y  were  eliminated,  the  result  would  be 
=*  -pz^  +qz~r^O.  And  mx,  y,  z  are  similarly  involved  in  the  three  given  equa- 
tions, any  one  of  them  as  x  must  represent  all  three  quantities  or  in  other  words, 
X  will  have  three  values  in  the  equation  x*  -px^  +qx-  r=0. 

2.  Any  three  of  the  unknown  quantities  x,  y,  z,  v  can  be  eliminated  between  the 
equations  x+y+z-^-v^p,  xy'i-xz+xv+yz+yv+zv=^q,  xyz+xyv+xzv  +  yzv=r, 
SL'i/zv=^3,  and  the  resulting  equation  will  involve  only  one  unknown  quantity. 

Let  y,  z,  vhe  eliminated, 

Here  x*  +xy'hxz'\-xv^px,  multiplying  the  first  equation  by  x, 

and  xy+xz+xv  +  yz  +  yv-{-zv=q,  the  second  equation 

-x^-hyz+yv+ zv=q  -  px,    by  subtraction, 

— aj»  +  asyz + xyv + a»o= qx—px*,  multiplying  by  x, 

xyz-^-xyv+xzv  +  yzv^r   the  third  equation, 

»•  +  yzv=^r  -  qx  -{-px^     by  subtraction. 

SB* + xyzv=rx  -  qx*  -hpx*  multiplying  by  x. 

xyzv=8 the  fourth  equation, 

as*  s=px*  -  qx*  +rx-8  by  subtraction, 
or  x^  ~px*  -^-qx*  ^rx+$^0,  is  the  resulting  equation  involving  x  only.  By  the 
same  process  may  be  eliminated  also  x,  z,  v;  x,  y,  v ;  x,  y,  z,  respectively ;  and 
the  resulting  equations  will  be  of  the  same  form.  And  since  the  four  quantities 
Xf  2^,  s,  V  are  similarly  involved  in  the  four  given  equations,  any  one  of  tiiem  as  x 
must  represent  aU  the  four  quantities,  or  x  will  have  fonr  values  in  the  equation 
X*  -px*  +5'a5'  -nc+»=0. 


second,  third,  &c.,  coefficients  of  the  terms  of  an  equation  in  order, 
and  not  any  definite  numbers. 

By  the  root  of  an  equation  is  meant  any  number  which  when  sub- 
stituted for  the  unknown  quantity  satisfies  or  fulfils  the  conditions  of 
the  equation,  and  by  the  solution  is  meant  the  determination  of  all  the 
roots. 

The  coefficients  of  the  terms  of  an  equation  are  supposed  to  be 
positiye  or  negative  numbers  not  excluding  zero. 

2.  Equations  have  been  classed  and  named  according  to  the  highest 
power  of  the  unknown  quantity  involyed  in  them. 

Simple  equations  have  been  named  equations  of  the  first  degree 
as  involving  only  the  first  power  of  the  unknown  quantity,  and 
quadratic  equations  have  been  designated  equations  of  the  second 
degree  as  involving  the  second  power,  with  or  without  the  first  power 
of  the  unknown  quantity.  In  like  manner  cubic  and  biquadratic 
equations  have  been  named  equations  of  the  third  and  fourth  degree 
respectively,  as  involving  the  third  and  fourth  powers,  with  or  without 
lower  powers  of  the  unknown  quantity.  It  will  be  seen  that  equations 
of  the  first  and  second  degree  will  be  found  to  be  auxiliary  in  the 
solution  of  equations  of  the  third  and  fourth  degree.* 

It  has  been  already  shewn  that  every  simple  equation  is  reducible 
to  the  form  x — a  a  0,  and  every  complete  quadratic  equation  to  the 
furm  a^-piX+p^  =  0;  and  if  a,  h  he  the  two  roots  or  values  of  ^ 
the  unknown  quantity  in  this  equatioui  then  x  =  a,  x  =  h  and  z — a»  0, 

*  In  1828,  Mr.  Back,  of  Qneen's  College,  published  a  method  of  solving 
algebraical  equationa  by  reducing  them  to  the  ordinary  forms  of  quadratics.  His 
method  of  solution  for  equations  of  the  third  and  fourth  degree  will  be  understood 
from  examples. 

1.  An  example  of  an  equation  of  the  third  degree,  p.  10  : — 

Let  a;»-6x«-4x- 21=0,  aj»  -  6aj  -  4=?1,  let  «;=??,  then  tca;=21. 

X  X 

and  ««  -6a;+9=u;+13,  .-.  «=8±(ti;+18)».    If  w=8,  then  (w+18)*=4, 
and  a;=s3±4=7  and  - 1 ;  but  i(«»21,  and  .*.  7  is  a  value  of  x  which  satisfies  the 
equation. 

2.  An  example  of  an  equation  of  the  fourth  degree,  p.  88  :— 

Let  a;*-7a;»+9;c«  +  8a;+ 16=0,   a;«-7a+9=- (?+i?V  Itt  ?4.1^=w, 

\x    x^l  a:\K« 

then  a;«-7aj  +  9=-w,  and  a;=-±mr.i!?)*.  (1) 
I  2  2 

Butt(7=?+1?,  .-.  «;aj»-8«=16,  anda;=t+l<!£±ll*.  (2) 

If  K7=3,  then  from  (1)  a;=I±l=4  and  8, 

from  (2)  «=!+?= 4  and  ni. 
^ '       8-8  8 

The  value  x^k  satisfies  the  equation. 

It  will  be  seen  that  the  value  of  to  la  to  be  found  hj  trial 


;r— 5sO,  and  therefore  (a?— fl)(a:— J)  =  0,  or«*— (fl  +  5)4?+«5 -0  is  an 
equation  identical  with  the  equation  s^—piX+p^  =  0, 

and  a^—PiX+Pi  =  (ar— a)(:r— 3)  =  a^^{a+h)x+ahf 

and  ." .  — p,  -  — (tf +3),  j>»  =•  <i3. 

In  the  same  manner  a  cubic  equation  may  be  formed  of  three 

simple  equations.     If  a,   h,   e  be  the  roots  of  the  cubic  equation 

ar*— piO^+p^— ^,-0,  a;«65,  ic-J,  a;  =  tf,  and  a:— a  =  0,  «— i  =  0,  «— ^  =  0, 

and  therefore  (ar — a)(x—h)(x — c)  =  0 

or  a^—{a+h+c)a^+{ab+ac+he)x—ahc'^0 

is  an  equation  identical  with  the  equation  a^—p^a^+p^—Pi  =  0, 

and  .• .  - />! »  —  (a+3+<?),  jt?j  =  ab+ae+hc,  —p^  =  — ahc. 

In  a  similar  manner,  if  a,  b,  o,d  denote  the  roots  of  the  biquadratic 

equation  ix^'-Piix^+PiX^--pt,x+p4  -  0,  then  (a?— rt)(a:— J)(a?— c)(ar— (/)  «  0, 

or  ai*—(a+h+o+d)ji^+(ah+ac+ad+be+hd+cd)x^ 

^{ahc'^ahd+a€d+bcd)x+ahed^  0 
is  an  equation  identical  with  x^—piix^+PiS^—p^+p^^O, 

'^Pi  =  ab+ae+ad+be+hd+ed=^ab+(a+b)e+{a-\-b+e)df 
— P«  =  —{abe+abd+aed+hcd)  =  —{(«+*>(?+(<?+ rf)«*} 

+Pi  =  <7  J(rc?. 

Hence  the  following  relations  exist  between  the  roots  and  the  co- 
efficients of  an  equation,  when  the  coefficient  of  the  highest  power  of 
the  unknown  quantity  is  unity. 

The  coefficierU  of  the  second  term  of  an  equation  toith  its  proper  sign 
is  epud  to  the  algebraical  sum  of  the  roots  with  their  signs  changed. 

The  coefficient  of  the  third  term  is  equal  to  the  algebraical  sum  of  the 
products  of  every  two  roots  with  their  signs  changed. 

The  coefficient  of  the  fourth  term  is  equal  to  the  algebraical  sum  of  tine 
product  of  every  three  roots  vnth  their  signs  changed,  d:c.  And  the  last 
term  is  equal  to  the  product  of  all  the  roots  with  their  signs  cha^iged. 

Hence  also  it  appears  that  if  the  roots  of  an  equation  be  all  positive;, 
the  signs  of  the  coefficients  of  the  terms  are  alternately  positive  and 
negative ;  and  if  the  roots  be  all  negative,  the  signs  of  tiie  coefficients 
may  be  shewn  to  be  all  positive.  Hence  it  is  evident  that  if  the  signs- 
of  the  alternate  terms  of  an  equation  be  changed,  beginning  with  the 
second,  all  the  signs  of  the  roots  are  changed.* 


*  If  +1,  +2,  +8  be  the  roots  of  an  equation,  then  «=!,  «=2,  «=3,  and: 
aj-l=0,  a;-2=0,  aj-8=0,  .*.  (a;-l)(aj-2)(j?-3)=0,  or  a;«-da;«  +  llx-6=0,  att 
equation  whose  ooeflScients  are  alternately  positive  and  negtUivt, 

If  — 1,  -2,  -8  be  roots  of  an  equation,  then  «=  — I,  a;=-2,  a;=-3,  and! 
a;  +  l=0,  aj+2=0,  a?+8=0,  and  .'.  (a:+l)fjc+2X«+8)=aj*+6«"+lla:+6  =  0,  am 
equation  which  has  all  the  signs  of  its  coefficients  positive, 

And   obviously  if  the  signs  of  the  coefficients  of  the   alternate   terms   of 


3.  A  cubic  equation  ^t^—piX^+p^—p^-O,  whose  roots  are  a,  h,  e, 
may  be  considered  to  be  composed  of  a  simple  and  a  quadratic  equa- 
tion; for  if  a,  h  be  the  roots  of  a:'— ^ia?+j>j  =  0,  then  («— a)(ir— ft)  =  0 
is  an  equation  identical  with  a^—p^x+pi  =  0,  and  l£x  =  c,  x—c  =  0,  and 
therefore  (a:— a)(a?— 5)(a?— <?)  =  0  is  an  equation  identical  with 
{x^—PiX+p,){x'-e)  =  0.  Hence  {x^—pix+pi){x-'c)  =  0  is  an  equation 
identical  with  ^—px^^Pt'^-Pz  =  0. 

A  biquadratic  equation  may  consist  of  a  cubic  equation  and  a 
simple  equation ;  for  if  a,  5,  tf,  d  be  the  roots  of  the  biquadratic  equation, 
^^—P\^-\-px^'-p^-\-p^-%  then  (ar— a)(a?— i)(^— tf)(a?— (^)«0. 
But  it  has  been  shewn  that  if  a^  h,  e  be  the  roots  of 

a^'-pia^+p^--p^  =  0,ikena^-pia^+PtX-'Pi  =  0,  and 
(x^a){x—b){x-'c)  =  0  ave  identical  equations. 

If  x  =  d,  x—d=0,  then  {x-'d){a^—pia^+p^'-'Pi)  =  0, 

and  {x^a)(x — h)(x—o)(x-'d)  =  0  are  identical  equations. 
Hence  it  follows  that  {x—  6?)(^'— /^i^r'+jp^— ^,)  -  0, 

and  x^-'pjpi^+p^'^p^+p^  =  0  are  identical  equations. 
A  biquadratic  equation  may  also  consist  of  two  quadratic  equations ; 
for  if  a,  h  denote  the  roots  of  a^-^p^x+p^  =  0,  and  c,  d  the  roots  of 

^ — ^i^+^i  =  0>  ^&i  i^—Pi^+Pt)(^ — fl'i^+S^s)  =  0  is  an  equation  identi- 
cal with  (a:— a)(a?— 5)(a7— cX«— di)  =  0,  and  if  a,  h,  c,  d  be  the  roots  of 

^—Pi^+Pr'^—Pif'^+P4  =  0 ;  it  follows  that  («*— i?ia?+i?j)(^""fi'i^+?«)  =  ^ 
and  x'^^PjO^+p^^p^+p^^O  are  identical  equations. 

4.  As  an  equation  can  be  formed  when  the  roots  are  given,  bo  also  an. 
equation  can  be  formed  when  the  successive  coefficients  of  the  descend- 
ing powers  of  the  unknown  quantity  are  given. 

Let  1,  ''Pit  +Pit  —ps  be  the  successive  coefficients  of  tho  terms 
of  a  cubic  equation. 

First,  add  the  second  coefficient  -^Pi  with  its  proper  sign  to  x, 
And  multiply  the  algebraic  sum  by  x,  then  x{x^pi)  =s  tx^^p^x. 

Next,  add  the  third  coefficient  •\'p^  to  this  product,  and  multiply 
"the  sum  by  a?,  then  »(«'— i^i^y+j?,)  ~  «*— ^lO^+j?^. 

Thirdly,  add  the  fourth  coefficient  — p,  to  this  last  product,  and 
make  the  aggregate  equal  to  zero,  and  9^'^pxS^-\'p^'^p^  ::=  0,  is  a  cubic 
equation,, which  has  its  coefficients  jpi,  ^,  p^  numerical. 

In  this  equation  it  is  not  known  whether  the  coefficients  ^„  p^y  p^  are 
or  are  not  directly  subject  to  the  same  conditions  as  when  the  roots  are 


7^  -  62* +11«  -  6=0,  be  changed,  beginning  with  the  tecond,  the  equation  becomes 
2*  +  6a;*  +  lias + 6=0  an  equation  whose  roots  are  negative. 

And  in  a  similar  manner,  if  1,  2,  8,  4  be  the  positive  roots  of  a  biquadratic  equa- 
tion, the  equation  is  sc*  -  10a;*  +  85z*  -  50a;  +  24=0,  and  if  the  alternate  signs  of  the 
terms  be  changed,  beginning  with  the  second,  the  roots  of  the  biquadratic  equation 
a;*  +  10a;»  +  35a;«  +  60a; + 24 =0  are  all  positiTC. 

ir  zero  boa  root  of  an  equation,  it  will  assume  the  form»^  ^Pi^^  +r9^*  -p^x=0. 
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known  to  be  definite  integral  numbers,  or  in  other  wordB,  whether 
the  roots  be  rational,  irrational,  or  impossible. 

And  the  biquadratic  equation  a^'-pia?+p^^p^'\-p^:=^0  may  be 
formed  in  the  same  manner,  in  which  the  coefficients  1,  ^pi,  •\'Pi^  ^-Pz, 
-{•p^  are  any  numbers  whatever,  subject  or  not  subject  to  the  relations  ^ 
which  subsist  between  the  coefficients  and  roots  of  the  equation,  when  • 
the  roots  are  rational. 

Hence  in  general  it  appears  that  the  direct  proposition, ''  To  form 
an  equation  either  with  given  roots  or  with  given  coefficients,"  is 
always  possible;  but  the  reverse  process,  ''  To  determine  the  roots  of 
a  given  equation  in  terms  of  the  coefficients,"  is  not  so  simple  a 
process,  but  involves  difficulties  of  such  a  nature  as  have  not  yet  been 
fully  overcome.* 

A  general  formula  has  been  found  for  the  solution  of  quadratic 
equations,  and  of  such  as  can  be  reduced  to  the  form  of  quadratics ;  but 
no  general  formula  has  yet  been  discovered  for  the  solution  of  cubic 
and  biquadratic  equations,  or  equations  of  a  higher  degree.  The 
formula)  which  have  been  devised  for  the  solution  of  equations  of 
the  third  and  fourth  degree  are  both  limited  and  restricted  in  their 
application. 

The  relations  between  the  roots  and  the  coefficients  of  an  equation 
are  true,  not  only  for  equations  of  the  second,  third,  and  fourth 
degree,  but  also  for  equations  of  higher  degrees.  In  cases  where  the 
roots  are  so  related  that  terms  are  wanting  in  an  equation,  for  every 
term  so  wanting  there  arises  one  additional  relation  between  the  roots 
and  coefficients  of  the  equation.  These  relations  may  be  such  as  to 
afford  facilities  for  the  solution  of  the  equation.  As  for  instance,  if 
the  roots  of  the  biquadratic  equation  a^— |?ja^+j»,ar'— j?^+i'4  =  0  be  so 
related  that  p^^  2hy  ^^^  coefficients  of  the  second  and  fourth  terms  of 
the  equatibn,  are  zero,  the  equation  becomes  ^*+Pi»i^+Pi^O,  whicli 
can  be  solved  as  a  quadratic,  and  its  four  roots  determined. 

*  "The  solutions  of  cubic  and  biquadratic  equations  have  been  known  for  nearly 
three  centuries  ;  and  all  the  attempts  which  have  hitherto  been  made  to  proceed 
beyond  them,  at  least  in  equations  in  which  there  exists  no  relation  of  dcpendonct^ 
amongst  the  several  coefficierits,  and  no  presumed  or  presumable  relation  amongst 
the  roots,  have  altogether  failed  of  success;  and  if  we  consider  that  this  great 
problem  has  been  subjected  to  the  most  scrutinising  and  laborious  examination  by 
nearly  all  the  greatest  analysts  who  have  lived  in  that  period,  we  may  be  justified  in 
concluding  that  this  failure  is  rather  to  be  attributed  to  the  essential  impossibility 
of  the  problem  itself,  than  to  the  want  of  skill  or  perseverance  on  the  part  of  these 
who  have  made  the  attempt.  But  in  the  absence  of  any  complete  and  uncon- 
trovertible proof  of  this  impossibility,  the  question  cannot  be  considered  as  con- 
cluded, and  will  still  remain  open  to  speculations  upon  the  part  of  those  with  whom 
extensive  and  well-matured  knowledge,  and  a  deep  conviction  founded  upon  it,  have 
not  altogether  extinguished  hope." — Report  of  the  British  Association  fur  the  Ad* 
vanccTnent  of  Science t  1833,  pp.  303,  307. 
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There  are  also  some  forms  of  equations  higher  than  the  fourth 
degree,  which  can  be  reduced  so' as  to  admit  of  solution  by  means  of 
equations  not  higher  than  the  fourth  degree. 

As  for  instance,  every  complete  equation  of  the  fifth  degree,  like 
every  equation  of  the  third  degree,  must  have  one  root  either  integral 
or  irrational ;  and  when  this  root  has  been  found  exactly  or  approxi- 
mately, the  equation  can  be  reduced  to  one  of  the  fourth  degree. 

An  equation  of  the  third  degree  may  have  three  integral  or  three 
irrational  roots;  one  integral  and  two  irrational;  or  one  integral 
or  irrational  and  two  impossible.  In  oases  where  the  equation  con- 
tains one  integral  root,  this  root  can  always  be  found,  and  the  equation 
depressed  to  a  quadratic  which  will  give  the  other  two  roots. 

An  equation  of  the  fourth  degree  may  have  its  four  roots  all  integral, 
all  irrational,  or  all  impossible ;  or  it  may  have  two  roots  integral  and 
two  roots  irrational;  or  two  roots  integral  or  irrational  and  two  roots 
impossible. 

When  the  equation  contains  two  integral  roots,  these  can  be  found, 
and  the  equation  depressed  to  a  quadratic,  which  will  contain  the  other 
two  roots,  which  will  be  both  irrational  or  both  impossible. 

When  the  equation  contains  monomial  roots,  irrational  or  im- 
possible, these  can  be  detected,  and  the  equation  depressed. 

If  one  root  of  a  cubic  equation  be  known,  or  can  in  any  way  be 
determined,  the  equation  may  be  depressed  to  a  quadratic,  from  which 
the  remaining  two  roots  can  be  found. 

In  the  same  manner,  if  one  root  of  a  biquadratic  equation  be  known, 
the  biquadratic  can  be  reduced  to  a  cubic  equation,  and  if  two  roots  be 
known,  it  can  be  reduced  to  a  quadratic  equation. 

In  any  given  equation,  all  or  some  of  the  roots  may  be  rational  or 
irrational,  and  positive  or  negative,  or  impossible. 

If  the  integral  root  or  roots  can  by  any  process  be  determined,  the 
g^ven  equation  can  be  depressed  to  one  of  lower  dimensions,  and  this 
depressed  equation  can  involve  only  irrational  or  impossible  roots,  or 
some  irrational  and  some  impossible.  If  the  limits  of  the  irrational 
roots  can  be  determined,  then  approximations  to  the  values  of  these 
roots  can  be  found  to  any  required  degree  of  accuracy;  and  the 
equation,  when  depressed,  will  contain  only  impossible  roots :  or  if  the 
impossible  roots  can  be  detected,  the  equation,  when  depressed,  will 
contain  only  irrational  roots. 

5.  To  explain  the  method  of  finding  the  integral  roots  of  a  eubie  and 
of  a  hiquadratie  equation. 

Let  a^—piO^+pjfl—pi  =  0  be  an  equation  of  the  third  degree. 

If  this  equation  contain  one  or  more  integral  roots,  they  must  be 
factors  of  the  last  term. 

Suppose  n  is  an  integral  root  of  this  equation, 
Then  a*— jpi<i'+i?^— p ,  -  0, 


a  a 

9}i:JPl  =:  «-i;»,  let  ^lH^*  =  Q^ 
a  a 

a 

From  this  process  it  will  appear,  in  order  that  a  may  be  an  integral 
root  of  the  cubic  equation  31^—^1^+ jfiX—p^  =  0,  the  final  result  will 
be  +1  * 

The  labour  of  making  trial  of  all  the  diTisors  of  the  last  term  of 
the  equation  may  be  considerably  lessened,  by  depressing  the  equation 
when  +1  or  —1  are  among  the  roots,  and  by  excluding  all  divisors  of 
the  last  term,  which  are  greater  than  the  greatest  positive  root,  and 
less  than  the  least  negative  root,  and  trying  only  the  divisors  which 
are  included  within  these  limits. 

The  same  process  with  these  limitations  is  applicable  for  finding 
the  integral  roots  of  equations  of  the  fourth  degree. 

6.  When  the  eoeffieients  of  equations  are  rational,  impossible  roots  enter 
these  equations  in  conjugate  pairs, 

•  Determine  if  tlie  cubic  equation  z*  -x^  -  2Ca;— 24  =  0  has  integral  roots. 
If  a  be  a  root  of  this  equation,  it  roust  be  a  divisor  of  the  last  term,  and  may  be 
±2,  ±8,  ±4,  ±6,  ±12  ;  1  is  obviously  not  a  root 
Then  a'-a^-  20a  -  24 «0 

21=a«-a-20,  but?l-Q, 
a  a 


a 

but  «.  +  20_Q^ 
a 

i                                                    A 

Try±a«±  2 

±3 

±4 

±6 

±12 

!                      then?i«±12 

±8 

±6 

±4 

±  2 

^1  +  20-32  or  8 

28  or  12 

26  or  14 

24  or  IG 

22  or  18 

«. +20-16  or -4 
a 

n     -4 

>f 

4    „ 

If 

Q,  +  l-17or  -3 
a 

M    -3 

»    +1 

99 
II 

»»     II 

9* 
n 

Hen  -3: 

makes  the  fii 

Lfil  result 

of<^«  +  l| 

Mual  to  H 

a 
therefore  •  3  is  the  only  integral  root  of  the  equation,  and  by  substituting  -  8  for 
z  the  equation  is  satisfied. 

To  find  the  other  two  roots,  X'm  -  Z,  and  x-hS « 0, 

g f^-0,  oraj*--4«  -8=0,  which  gives  aj=2± 2 V3,  the  other  two  roots 

of  the  equation. 
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If  a+6 v^ — 1  be  a  roofc  of  the  cubic  equation  a^—pj/^-^-p^-^p^^Q ; 
then  a— 6>/— 1  shall  also  be  a  root. 

Since  x-a-\-h^ —l^  then  substituting  this  value  of  ^  in  the  equa- 
tion, it  becomes  fa+5v^  —  l)'—^i(fl+Jv'—l)»+jP3(a+5v'  — !)—;?,« 0, 

or  (a'— ^,tf'+^^— ^,— 3aJ«4.^,J«)+(3fl"3— 2^ifl*+^,A— 6»)^/— 1  =  0, 
an  equation  consisting  partly  of  possible,  and  partly  of  impossible 
quantities. 

These  parts  are  each  equal  to  zero, 

and  (Z(^h--2p^ab+pJ>—l^)^  —1=0; 
.'.By  subtraction,- 
(a'— jp,fl«+^:K»-i?,— 3aJ'+^iJ«)— (3a'^  -  2p,ah+pji>  -  5»)^/  - 1  =  0, 

or  (a- ^^/ -  1)»— ^,(«- ^V  -  l)'+i?^(«-^^/ -  l)-i?«  =  0, 

.*.  a  —  hs/  —  1  satisfies  the  equation,  and  therefore  is  also  a  root. 

By  a  similar  process  it  may  be  shewn  that  surd  roots  enter  cubic 
equHtions  in  conjugate  pairs :  and  in  the  same  manner  an  equation  of 
the  fourth  degree  may  be  shewn  to  have  one  pair  or  two  pairs  of 
im2)ossible  or  surd  roots.* 

If  an  equation  be  known  to  have  one  impossible  or  surd  root,  a 
second  impossible  or  surd  is  also  known,  and  if  the  given  equation  be 
a  cubic,  it  can  be  depressed  to  a  simple  equation;  and  if  it  be  a 
biquadratic  equation  it  can  be  depressed  to  a  quadratic. 

A  cubic  equation  can  have  only  one  pair  of  conjugate  roots,  and 
one  real  root  positive  or  negative.  A  cubic  equation  also  may 
contain  three  real  roots,  all  positive  or  all  negative ;  or  it  may  contain 
two  positive  and  one  negative,  or  one  positive  and  two  negative. 

A  biquadratic  equation  may  contain  two  pairs  of  impossible  roots,  or 
one  pair  of  impossible  roots  and  two  real  roots  both  positive  or  both 
negative,  or  one  positive  and  the  other  negative.  It  may  have  its  four 
roots  real,  all  positive  or  all  negative,  or  two  positive  and  two  negative, 
or  three  positive  and  one  negative,  or  three  negative  and  one  positive. 

If  all  the  four  roots  of  a  biquadratic  equation  be  impossible,  then 
whatever  numbers,  positive  or  negative,  be  substituted  for  the  un- 
known quantity,  the  results  will  always  be  affected  with  the  same 
sign ;  for  if  the  results  gave  different  signs,  one  root  at  least  would  lie 
between  the  two  results,  one  negative  and  the  other  positive. 

As  impossible  roots  always  enter  equations  in  conjugate  pairs  of  the 
forms  a±.hs/  —  \  or  ±6>/— 1»  as  also  surd  roots  of  the  forms  a±z,Jh 
or  ±s/h\  the  product  of  a  pair  of  conjugate  roots  of  the  forms 
a±^>/ — 1  or  ±&  V  ^1  is  always  positive ;  the  product  of  a  pair  of  roots 


*  The  determination  of  the  pairs  of  impossible  roots  of  the  form  a±,h\/  ~  1  in 
any  equation  is  a  problem  of  considerable  diffieolty.  The  theorem  of  Storm  for 
determining  the  number  and  situation  of  the  real  roots  of  an  equation,  may  be 
deferted,  as  also  the  researches  of  Budan  and  Fourier. 


of  the  form  a±,s/h  may  be  positive  or  negativei  and  the  product  of  a 
pair  of  the  form  +  ^/^  is  always  negative. 

If  a  cubio  or  biquadratic  equation  contain  a  pair  of  roots  of  the  form 
±3>/  -  1  they  enter  as  two  positive  or  two  negative  roots ;  and  when 
such  roots  exist  in  an  equation  they  can  be  detected,  as  also  a  pair  oi 
roots  of  the  form  ±>/^i  and  the  equation  depressed  to  one  of  lower 
dimensions.  But  the  nethod  of  detecting  pairs  of  roots  of  the  forms 
±.hy/  —  I  and  ±>/3  does  not  apply  for  detecting  pairs  of  roots  of  the 
form  a±:by/  —  1  or  a±:^h* 

If,  however,  an  equation  involving  a  pair  of  conjugate  roots  of  the 
fjrm  a±:hy/  —  I  or  a±s/h  can  be  transformed  into  one  whose  pairs 
of  roots  are  of  the  form  ±by/  —  1  or  ±>/3,  such  rcjts  can  then  be 

detected.! 

7.  To  transform  an  equation  into  one  whose  roots  shall  be  the  reciprocals 
of  the  roots  of  the  given  equatioti. 

Let  a^ — P\^'¥Pt'^  "^Pi  ~  0  be  a  cubic  equation  whose  roots  are  a,b,c; 
it  is  required  to  transform  it  to  an  equation  whose  roots  shall  be 
1    1    1 

~9    V»    ""• 

a    o    e 

In  the  given  equation  for  x  substitute  -,  then  the  given  equation 


X 


becomes  _  _^+^  — j?3  =  0,  or  1  --piZ  -{-p^—p^^  -  0, 


a^ 


or  x^—^'^  4,^ =  0,  an  equation  whose  roots  are  -,-,_. 

Pi       P%    P^  a    b   0 


♦  If  the  eqaatioD  ar»  -  7x*  +  10a:*  +  14aj  -  24  ■■  0  contuns  two  roots  of  the  form  ±  s/b^ 

then  x^  +7a?'  +10a;«  -  14a;- 24»0  „  „  4:V^ 

— 14a;»+28ic-0,  and  -a!«+2— 0,  a;*«2,  aja=±V2,  are  the  two 

conjugate  roots,   and  ^'  " ^^' ^l^H^  ^^'^"" ^^ * Q>  or  a;^ -7a: +12-0  contains  the 
other  two  roots,  a;=:8,  a;>-4.    The  tmth  of  this  can  be  verified. 

t  For  example,  the  roots  of  the  eqnation  x*  -»»  — Oa;*  -6a; +2—0  are  —1,  -2, 

2±|/3. 

Since  aj*  -  aj»  —  Ox*  -  6a;  +  2— 0  has  roots  —1,  -  2,  2±  sJZ 
a;^+g»-9a;*+5a;  +  2-0        „  1,      2,  --2+V8 

-2a;'-10a;-0,  anda;^+5«0,  x^±\J-\S         which   fails  to  give 
2±>/3,  the  two  correct  roots. 

The  ecination  a;* + a;»  +  lla;«  +  9x  + 18 — 0  involves  two  roots  of  the  form  ±  61/  —  1, 
then  ar»-a;»+llz»-9a;  +  18-0  „  „  +&•-!» 

2a;*  +  9a;»0,  anda«+9-0,  x-±3>/-l, 
•%  ±3s/  - 1  are  two  roots  of  the  et^aation,  and  this  may  be  verified, 
•«-+8>/-l,  a;--3>/-l,  then  a; -81/  -1=0,  x+3i/-l=0, 
.-.  («-8>/-l)(x+3>/-l)-0,  or»«  +  9-0, 

...?l±5!i^l|!±i^_±l?-0.  orx«+x+2-0, 
and  X— ±i(— 1±'^/'-7}  are  the  other  two  roots. 
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By  the  same  process  a  biquadratic  equation  may  be  iransfoxmed.* 
If  a,  b,  e,  d  denote  the  roots  of  the  equation 

then  a?*-:?l^'4.  — -— +~  =  0  is  the  equation 
P^       P*      Pi     Pi 

whose  roots  are -,  -,  -,  -^. 

abed 

If  the  given  equation  be  of  the  form  a;'— ^.r*+jpar— 1  =0,  let  -  be 

substituted  for  x,  then  _ —.^-l?— 1  =0,  or  1— jpar+^o?'— «*, 

rr    or    X 

or  a^^ps^+px^^l  =  0. 

The  transformed  equation  is  identical  with  the  given  equation,  and 
the  roots  of  the  transformed  equation  are  the  same  as  the  roots  of  the 
given  equation. 

Also  the  biquadratic  equation  a?* —^jp'^+^ar'-jpor+l  -0,  when  trans- 
formed into  one  whose  roots  are  the  reciprocals  of  the  roots,  will  be  of 
the  same  form  as  the  given  equation. 

When  the  signs  and  coefficients  of  an  equation  taken  in  a  direct 
and  inverted  order  are  the  same,  the  equation  is  named  a  reciprocal 
or  recurring  equation. 

8.  To  transform  an  equation  into  another  whose  roots  shaU  he  respectivdy 
any  multiples  or  suhmuttipUs  of  the  roots  of  the  given  equation. 

Let  ix^—'Pi^+p^—p^  =  0  be  a  cubic  equation,  whose  roots  are  o,  3, 
Cy  it  is  required  to  transform  it  into  an  equation  whose  roots  shall  be 
ma^  mhf  mc. 

Assume  y-mx.  then  2r  =  ^,  substitute  this  value  of  :i;  in  the  given 

m 

equation,  .-.  iL_^4.M— ^,,  =  0,  ory'— ^iwy'+i^jwV— »»!p»=0,isthe 

equation  whose  roots  are  ma,  mh,  mo. 

Next,  lety  =  — ,  then  x-my.    Substitute  in  the  given  equation, 

m 

.*.  m*y^—pim'^y^+Pimy--pt  =  0,  or  5^— ^il^  ^?^^£}  =  0  is  the  equation 


mm*     w 


whose  roots  are  _,  — ,  ~  .f 

m   m    m 


*  By  means  of  this  transformation  an  equation  can  be  found  of  which  the 
greatest  and  least  roots  ore  respectively  the  least  aad  greatest  roots  of  the  giren 
equation. 

t  For  instance,  the  equation  x"*  -6j;*  +lla;-6=0,  roots  1,  2,  8,  is  transformed 
intoa;*— 18a;* +  992B- 162=0,  roots  3,  6,  9,  hy  mtUtiplying  the  second,  third,  and 
fonrth  terms  respectively  by  8,  3*,  3' .    And  conversely,  the  equation 
•»  - 18««  +  99a;  - 162  ■O,  roots  8,  6,  9,  is  transformed  to  a;*  — 6»« + 11*  -  6=0,  whose 
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By  the  same  process  a  biquadratic  equation  may  be  transformed. 
If  a,  h,  c,  d  denote  the  roots  of  the  equation 

then  y*— i^imy'+Atny — i>,wV+»»V4  =  0  is  the  equation  whose  roots 
are  ma,  mb^  me,  md. 

And  y*— M.+^_M  .  £*  =  Ois  the  equation  whose  roots  are 

a    h    e    d 
— »  — I  — »  —  • 
m   m  m   m 

9.  To  tranaform  equaUoM  of  the  third  and  fourth  decree  into  otherg 

whose  roots  shall  be  (1)  the  sqtia/res,  (2)  tite  cubes  of  the  roots  of  the  given 

egtioHoTis, 

(1)  Let  a,  b,  e  be  the  roots  of  the  equation  a;*— /^la^'+i^j^—i^a^O, 
then  a^+pifl^PiS^+Ptt 

squaring  each  side,  «'+2/?j^*+^,V  =  j?iV+2^ijp^'+jp,' 
and  ^-(pi^-2p,y+{p,^^2p,p;)x'^p^^  =  0. 
Let  y  =  «',   then  y*— (i>i'— 2^,)y'+(^j»-2^ijPs)y— jps'  =  0,  is  the 
equation  whose  roots  are  a*,  l^,  o*.* 

(2)  Let  y  ~a^y  then  ^  =  y^  substituting  this  value  of  x  in  the  given 
equation,  it  becomes  y— |?iy*+i?,yi— jPj  =  0,  and  t/'^Pi  =  Pit/^^P^/K 
raising  each  side  of  this  equation  to  the  third  power, 

(y-jPs)*  =•  piY-Pttf-^PiP^iPiy^  -py*) = PiY  -PtV-  ^PiP^itf  -Pi)- 

Hence  y'-(i?i'-3pij?,+3^s)y»+(j?,'-3^iii,i?,+3/?8»)y-jp/  =  0  is 
the  equation  whose  roots  are  <^,  b\  c^. 

(1)  Next,  let  a,  b,  e,  d  be  the  roots  of  the  equation 

**— J^i^'+i^a^— iV?+i^4 = 0,  then  «*  •{-Pt'^+Pi  -Pv^^+p^-  Square  each 
side  of  this  equation  and  arrange  the  terms  in  order  on  one  side,  and 

^-{pi—^Pty-^{p%-^PiP%+^PA)^-{p^-^PftPi)^'\-p!^^' 
Let^=y, 

roots  1,  2,  8,  by  dividing  the  second,  third,  and  fourth  terms  by  3,  8^,  8*.  When 
the  coefficient  of  the  highest  power  of  the  unknown  quantity  in  an  equation  is  not 
imity,  or  if  any  of  the  coefficients  be  fractional ;  by  means  of  this  transformation  the 
equation  may  be  reduced  to  another  In  which  the  coefficient  of  the  highest  power  of 
the  unknown  quantity  shall  be  unity,  and  all  the  coefficients  integral. 

Also  an  equation  whose  coefficients  are  Urge  numbers  may  be  reduced  to  one 
whose  coefficients  shall  be  smaller  numbers.  As,  for  example,  if  a;=100y,  the 
•equation  «•  -  20000a;  -  6000000  -0  is  reduced  to  y »  -  2y  -  6  -  0. 

*  Since  the  square  of  every  quantity,  positive  or  negative,  is  positive ;  if  a 
ix^mplete  cubic  equation  have  its  roots  real,  positive  or  negative,  the  transformed 
equation  will  have  all  its  roots  positive,  and  consequently  the  signs  of  its  terms  will 
be  alternately  positive  and  negative.  If  therefore  Uie  transformed  equation  have  not 
the  signs  of  the  alternate  terms  positive  and  negative,  the  proposed  equation  must 
involve  two  impossible  roots.  The  equation  a;*+a;*  —22a;  -  40=0  has  its  roots  -  2, 
-  4,  +5 ;  when  transformed  into  an  equation  whose  roots  are  ( -  2)*,  ( -  4)>,  (+5)*, 
it  becomes  y*-4dy"+ 128^-160^0.  But  the  equation  a;*-9«*+d8a;-65»0, 
whose  roots  are,  +5,  2+8^/  - 1,  2— 8>/  - 1,  when  transformed  into  one  whose  roots 
«re(+6)*,  (2+8v^-l)«,  (2 -S^/-!)*  becomes y»-16y«- Sly- 4226=0. 
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then  y*-(i?i*-2i?,y +(^2-  ^PxPz^^P^u'-{Pt-^^i)y+p!  -  0  is  the 
equation  whose  roots  are  *',  i*,  (?t  cP.* 

10.  To  transform  an  equation  into  another  whose  roots  shall  he  respectively 
greater  or  less  than  the  roots  of  the  given  equation  hy  any  given  quantity. 

Let  a^-'Pi(x?-\'p^—pi  =  0,  the  given  equation  whose  roots  are  a,  h,  Cy. 
be  transformed  into  one  whose  roots  shall  be  a+^,  J+tf,  <?+^. 

Assume  y  =  x+e,  then  x  =  y—e. 

Substitute  this  value  of  x  in  the  given  equation,  and  it  become? 
(y— 5)»— ^^(y— ^)«-|-^,(y  -  *)— ^j  =  0,  tho  torms  of  which  when  expanded 

and  arranged  give 

y'-{Pi+^e)y^+{p^+2p,e+^)y-{e''+Pye^+p^+Pz)  -  0, 
the  equation  whose  roots  are  respectively  a+e,  i+e,  «+6. 

By  the  same  process  the  equation  «*— ^i^p'+^aa:— ^,«0  can  be^ 
transformed  into  one  whose  roots  shall  be  a— tf,  ft — tf,  c-^e. 

Assume  y=x^e,  then  x:=:y+e  and  the  transformed  equation 
t/'HPi  -  3*)y'+(l^i-  2i?j6+30y-(«*-i^i«'+i?se  -P^)  =  0  is  the  equation 
whose  roots  are  respectively  a— ^,  ft— e,  c— *. 

In  the  latter  transformed  cubic  may  be  noted — 

1.  The  expression  ^—pi^^+p^-^ps  is  identical  with  the  terms  of  the- 
given  equation^  having  e  in  the  place  of  x,  and  oonstitutes  the  last  term 
of  the  transformed  equation. 

2.  The  coefficient  of  the  last  term  but  one  S4^^2pie+Pf  is  formed 
from  i^—pie^+p^—ps  by  multiplying  each  term  by  the  index  of  the- 
power  of  e  and  reducing  the  index  by  unity. 

3.  The  coefficient  of  the  last  term  but  two  3e--pi  is  formed  by 
multiplying  each  term  of  Si^^2pie+p^  by  the  index  of  e,  reducing  the 
index  by  unity  and  dividing  the  result  by  2.  f 

*  The  tiunsfonnatioii  of  a  complete  biquadratic  equation  into  another  whose 
roots  shall  be  respectively  the  cabes  of  the  roots  of  the  proposed  eqaation,  may 
be  more  conveniently  effected  by  determining  in  succession  the  coefficients  of  the- 
requirod  equation  in  terms  of  the  coefficients  of  the  proposed  equation. 

i-  By  means  of  this  transformation  an  equation  maybe  transfomwd  into  another 
which  shall  want  the  second  or  any  other  term,  by  assuming  the  eoefficient  of  this- 
term  equal  to  zero^  and  finding  the  value  of  the  quantity  e  by  which  the  roots  of 
the  given  equation  ajre  to  be  respectively  increased  or  diminished. 

In  the  case  of  the  cubic  equation  a:'— I'lSe'+l's^-l't^O,  the  second  tenn  dis- 
appears from  the  transformed  equation  when  ^|±3es=0. 

The  third  term  disappears  when  de*±2«p,+Ps=0,  and  the  fourth  or  lut  tem 
when  e*±p^e*  +p^e±p^=0,  or  when  e  is  equal  to  a  root  of  the  given  equation. 

When  the  second  and  third  terms  disappear  by  the  same  transformation,  then- 
Pi±^—Of  and  Be*±2p^e'\'p^—0;  by  eliminating  e^  then  pf^^^p^t  which  is  th^ 
rdation  which  must  subsist  between  the  coefficients  of  the  second  and  third  tenn» 
of  the  given  cubic  in  order  that  both  of  these  terms  may  disappear  in  the  tn^» 
formed  equation.  J 

By  a  similar  process  may  be  found  the  values  of  e,  in  order  that  the  second 
cr  any  other  tenn  of  a  transformed  biquadratic  equation  may  be  made  to  disi^pear. 
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By  a  similar  procoss  it  may  be  shewn  that  if  er,  h,  e,  d  be  the  roots 
of  the  equation  a/^—p^jX^+p^^-pa^+Pi^'O,  that 

then  y*-(i?i + ieyMPi+ 3i?,e+ 6rV  -  {Pz+^P^ + 3i?/+4(5»)y 

+  iP4+Pifi+Plfi^+Pi^+^)  =  0 

is  the  equation  whose  roots  are  a+e,  h-^e,  c+e,  d+e. 
And  that  t^—{pi—ie)f+{pi'-Zpie+ee^)f/-{Pi-^2p^+Spi^^i^)y 

is  the  equation  whose  roots  are  a— tf,  i— e,  c-^e,  d^e. 

In  the  latter  transformed  biquadratic  may  also  be  noted, — 

1.  The  expression  e*  -  jPi^+i^a^— i?8*+i?4  consists  of  similar  terms  to 
the  proposed  equation  having  e  in  the  placo  of  x. 

2.  The  coeflSoient  of  the  last  term  but  one  4tf'— 3j?itf'+2j92tf— pj  is 
formed*  by  multiplying  each  term  of  ^—pt^+p^—p^+p^  by  the 
index  of  e  in  that  term,  and  reducing  the  index  by  unity. 

3.  The  coefficient  of  the  last  term  but  two  6e^ — S^ie+f),  is  formed 
from  4c'— 3pie'+2pitf— 2?8  by  multiplying  every  term  by  the  index  of  e 
in  that  term,  diminishing  the  index  by  unity  and  dividing  the  result 
by  2. 

4.  The  coefficient  of  the  last  term  but  three  4«— ^^i  is  formed  from 
^6^— Sj^i^-f-jP*  by  multiplying  each  term  by  the  index  of  e,  diminishing 
the  index  by  unity  and  dividing  the  result  by  3. 

11.  Ifihs  sigiu  of  the  tsrm$  of  an  equation  whose  roots  are  possible  he 
■arranged  in  order,  there  are  at  least  as  many  changes  of  signs  from  +  to  — , 
and  from  -^  to  +,  as  it  has  real  and  positive  roots ;  and  at  hast  as  many 
permaneneies  or  eontinuUtions  of  the  same  sign,  from  +  to  +,  and  from  ^ 
io  — y  as  it  has  real  and  negative  roots. 

The  simple  equation  a?— a  =  Oand  iP+«  =  0  have  their  signs  H — 
and  ++  respectively. 

The  quadratic  equation  a?'— j3iir+^,=0,  having  positive  roots,  has 
its  signs  H h,  which  gives  H — ,  — |-,  two  changes. 

Lot  the  equation  X'-c  =  0,  whose  root  is  positive,  be  introduced  into 
the  quadratic  equation,  then 

{:x^—PiX+Pi){x'-e)  =  a?'^{p^+c)x^+(Pi+apj)x^ap^^O, 

•or  3i^—pia^'\-p^^Pz «  0,  which  has  its  signs  H h  — ,  and  gives  H — , 

— |-,  -I — ;  .'.  when  a  positive  root  is  introduced  into  a  quadratic 
•equation,  one  additional  change  of  signs  is  introduced  into  the  resulting 
<cubic  equation. 

Next,  let  the  equation  x^d  »  0,  whose  root  is  positive,  be  iniaroduced 
into  the  cubic  equation  s^-^p^a?  •\'p^—pi «  0 ;  it  becomes 

-Vdpz  =  0, 

or  x*—p^af^+p^—p^+p^-0,  whose  signs  H 1— •+  give 

+-,  -+,  +-,  -+. 

.-.  When  a  positive  root  is  introduced  into  a  cubic  equation,  one 
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additional  change  of  signs  is  introduced  into  the  resulting  biquadratic 
equation. 

In  the  same  manner  it  may  be  shewn  that  when  a  negative  root  is 
introduced,  it  will  be  found  that  a  permanence  of  the  same  sign  +  + , 

or ,  would  be  introduced  into  the  resulting  cubic  or  biquadratic 

equation. 

Hence,  conversely,  if  the  signs  of  a  cubic  and  biquadratic  equation 
be  arranged  in  order,  there  will  be  as  many  positive  roots  in  the 
equation  as  there  are  changes  of  signs  from  +  to  — ,  and  from  —  to 
+  ;  and  as  many  negative  roots  as  there  permanencies  of  the  same  sign 
+  +  and ,  when  all  the  roots  are  possible. 

But  if  the  equation  contain  impossible  roots,  every  cubic  and 
biquadratic  equation  has  at  least  as  many  changes  of  signs  from 
+  to  —  and  from  —  to  +  as  it  has  real  and  positive  roots,  and'0^  least 
as  many  continuations  of  the  same  signs  from  -{•  to  +;  &nd  from 

—  to  —,  as  it  has  real  and  negative  roots. 

But  as  every  pair  of  impossible  conjugate  roots  under  this  rule 
appear  as  two  positive  or  two  negative  roots,  the  rule  is  not  applicable 
for  discovering  pairs  of  conjugate  roots  of  the  form  a±by/^l  in 
an  equation. 

If  any  coefficient  of  an  equation  be  zero,  the  sign  of  that  tenn 
may  be  considered  positive  or  negative,  as  in  the  equations 
^—Pi^+P^^Pi  =  0,  and  «*  —pi^+p^--p»c  ■\-Pi  =  0,  if  the  coefficients 
of  the  second  terms  be  zero,  the  equations  may  be  written 
a^±_0x^+p^—pg  =  0f  and  af^  ±0a^+p^^PfC+p^  =  O,  and  when  the 
roots  are  possible,  both  signs  +  exhibit  the  same  number  of  changes 
and  permanencies  of  signs.* 

12.  lb  explain  what  is  meant  by  the  limits  of  the  roots  of  an  equation. 

Let  the  roots  of  the  equation  a^^Pi^+p^  -Pi'^O  he  a,  h,  e;  a 
greater  than  h,  and  b  greater  than  e ; 

Then  a^—p^x^+p^-p^  =  (a?—  a)(x—b)(x^e), 

*  The  tnith  of  this  may  be  illustrated  in  the  following  examples  : — 

1.  The  cubic  eqtiation  x*  -7«+6»0  has  its  roots  +1,  +2,  - 8. 
When  the  term  whose  coefficient  is  zero,  is  restored,  2*:±0a:*  —  7a;  +  6  »0. 

If  the  +  sign  be  taken,  the  signs  of  the  terms  are  +  +  -  +,  which  give  +  -h, 
+  -,  -  +,  two  changes  and  one  permanence  of  signs,  indicating  two  positive  root» 
and  one  negative  root. 

If  the  sign  —  be  taken,  the  signs  of  the  equation  are  +  -^  —  +,  which  give 
.f  -, ,  -  +,  two  changes  and  one  permanence,  as  before. 

2.  The  biqoadratio  equation  x*-9z^-\-2x  +  ^^0  has  its  roots  +1,  -3, 
+(I  + 1/8),  —  (>/S  - 1),  and  when  the  term  whose  coefficient  is  zero  is  restored,  it  i» 
«*  ±0a;»  -  9a;»  +  2aj + 6 = 0. 

If  the  sign  +  be  taken,  the  signs  of  the  terms  are  +  +  -  +  +,  which  give  +  + » 
+  - ,  -  + ,  4-  +,  two  changes  and  two  permanences  of  signs. 

If  the  sign  —  be  taken,  the  signs  of  the  terms  are  +  —  +  +,  which  give  +  -*  » 

-  -,  -^  +,  +  •!-,  two  changes  and  two  permanences  of  signs. 
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Let  m^  m^,  m^,  m^  be  four  numbers  sucli  that  m^  is  greater  than  a, 
fn^  less  than  a  but  greater  than  h^  m^  less  than  h  but  greater  than  e, 
and  m^  less  than  e. 

And  let  mi,  mt,  m,,  m^  be  successively  substituted  for  x; 
Yfheax^mu  a^^piO^+p^^p^  becomes  (»»i— «)(»»i— ^)(wi— c),  which  is 

positive. 

^  «  =  !»„  „  „  „        (f«,-aX»»2— *)(«»i— 0»^l^icliia 

negative. 

« ■»  «•»  »  >f  »         (%— a)(«i,— 5)(»»3  -  c),  which  is 

positive. 
'     a?-W4,  „  „  „         {m^-aXm^—hXm^— c),  which  ie 

negative. 

Hence  it  appears  if  each  of  the  four  numbers  between  every  two 
of  which  lie  the  three  possible  roots  of  a  cubic  equation  be  succes- 
sivelj  substituted  for  the  unknown  quantity,  the  four  results  are 
alternately  positive  and  negative. 

In  the  same  manner,  if  a,  h,  c,  d  be  the  roots  of  a  biquadratic 
equation,  «*— jpi^'+jp,*'— iv?+jP4  =  0, 

then  a:*— /?i«'+i>^— jp,iP+/?4  =  (a?— «)(«-  i)(a?-  r)(a:— (i), 
and  if  mj,  ffi„  1713,  m^  %  be  numbers  such  that  m^  is  greater  than  the 
greatest  root  a,  and  m^  is  less  than  the  least  root  d,  aad  mj,  t/is,  m^  lies 
respectively  between  the  roots  a,  5,  e,  d,  it  may  be  shewn  that  when 
Mj,  m^f  m,,  4»4,  Ms  are  successively  substituted  for  x  in  the  expression 
«*— jPi^^+jP^— p^+|74,  the  successive  results  will  be  positive  and 
negative  alternately. 

Hence  it  appears  that  numbers  which  are  limits  to  the  roots  of  the 
equation  (or  numbers  between  which  the  roots  lie),  when  substituted 
successively  for  the  unknown  quantity,  give  resulU  alternately  positive 
and  negative. 

Oonverselyi  if  two  numbers  mj,  m^  when  substituted  for  x  give 
results  affected  with  different  signs,  one  root  at  least  must  lie  between 
these  two  numbers. 

And  if  a  series  of  numbers  m|,  m^,  013,  0I4,  taken  in  order  of  magni- 
tude when  successively  substituted  for  x  give  results  alternately  positive 
and  negative;  these  numbers  must  be  limits  to  the  roots  of  the 
equation,  or  the  roots  must  lie  between  these  numbers. 

If  every  number  greater  than  m^  when  substituted  for  x  gives  posi- 
tive results,  these  numbers  are  respectively  greater  than  the  greatest 
root  of  the  equation ;  and  if  every  number  less  than  m^  when  sub- 
stituted for  X  gives  negative  results,  these  other  numbers  are  less 
respectively  than  the  least  root  of  the  equation. 

If  the  results  arising  from  the  substitution  of  any  two  numbers 
for  the  unknown  quantity  be  both  positive  or  both  negative,  either  no 
root,  or  an  even  number  of  roots  of  the  equation,  lies  between  the 
two  numbers. 

§12 
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lai Of  h,  ehe  the  looto  of  the  equation  ^"P^+j^^— p^^O,  and 
wlieiitlue equation  is  tnmafixEnied  inio  onewlioae  looteaze  THpeeCifelj 
liminished  bj  «,  it  beoomes 

If  sueh  a  ralue  can  be  aaaigned  to  e  wbicb  shall  make  eraiy  tenn 
of  the  transfonned  equation  poaitiTO,  then  all  the  roots  axe  negaiiTe, 
and  that  value  of  «  is  greater  than  the  greatest  poaitiTe  root  of  tiie 
proposed  equation.* 

If  the  signs  of  the  xoois  of  the  giren  equation  be  dianged,  a  limit 
greater  than  tiie  greatest  root  of  this  equationwith  its  sign  changed  ia 
less  than  the  least  root  of  tiie  proposed  equation. 

14.  To  find  an  tquaiion  whote  rooU  shall  he  UmiU  telwem  ike  roali  pJ 
spropoied  equation  tchen  the  rooU  of  the  latter  arepomble. 

It  has  been  shewn  that  wben  a^^p^+p^^pj  =  0  is  transformed 
into  an  equation  whose  roots  axe  a— «,  b—e,  ^— #,  it  becomes 

and  the  coefficient  of  the  last  term  but  one  of  tiiis  equation  is  the  sum 
of  the  products  of  erery  two  roots  with  their  signs  changed, 

.*.  B^^2pte+p^  =  (*—a)(tf—5)+(^—s)(e— <?)+(«— J)(e—^). 
If  a,  bf  c  be  successiTelj  substituted  for  e,  ihB  results  are  respectirelj, 

(s— i)(s— ^)  which  is  positiye, 
(i— a)(J— <?)      „        negatiTOi 
(tf— a)(tf— ^)      I,        pofiitiTe, 
therefore  a,b,e9xe  limits  to  the  roots  of  the  equation  3^—  ^i^+Pt »  0, 
and  substituting  x  {or  e. 

The  roots  of  the  equation  Sa^-^TpiX+Pi  =  0  respectiTcly  lie  between 
the  roots  of  the  equation  a^^p^+p^^pt^O^  and  if  i^,  i'  be  the  roots 
of  ^^2p^x+pt^0,  then  a,  tf",  b,  b',  e  axe  arranged  in  order  of 

jnagnitude. 

The  case  here  taken  is  that  in  which  the  three  roots  of  thio  cubic 
are  positive ;  the  same  process  applies  when  all  the  iroots  are  negative, 
or  when  two  are  positive  and  one  negative,  or  two  negative  and  one 

positive. 

By  the  same  process  it  maybe  shewn  that  the  roots  of  the  equation 


•  When  X  U  written  for  e  in  8«»  -2p,<?+^,  and  Ze-p^,  the  coeiftoiente  of  the 
transformed  cuWc  equation  ;  these  expressions  Sa:*  -2;?iaj+|>,  and  Saj-^^  hareb^ 
nimed   the   first   and  second  deiired   functions  of  the  given   cnWc    equation 

Also  when  x  is  written  for  «  in  As* -%>»<• +2f>,s-j>„  6e* -Zp^e-k-p^,  and 
4«-Pi,  the  coefficients  of  the  transformed  biquadratic  equation ;  these  erpressions 
4x*  -  8p,««  +2/>a^-i'»»  ^*' ""  %'jaJ+ii,  and  4x  -p,  hare  also  been  named  the  first, 
second,  and  third  d'^rlred  functions  of  the  given  biquadratic 

X*  "PiX^  +!>,«•  ^Pg^+P*  "0. 
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4a^^Spip^+2p^.—p^^0  are  limits  between  the  roots  of  the  equation 
x*^p,a^  +p^-p^+Pi  =  0. 

Also  in  the  same  manner  an  equation  may  be  found  whose  roots 
shall  be  limits  between  the  roots  of  the  equation 

4a;'  -  SpiX*+2p^ — i^j  =  0. 

If  a  cubic  equation  contain  two  equal  roots,  the  limiting  equation 
will  contain  one  of  them^  and  the  proposed  equation  and  the  limiting 
equation  will  involye  a  common  factor  of  the  first  degree,  which  will 
contain  one  of  the  equal  roots. 

Also,  if  a  biquadratic  equation  contain  three  equal  roots,  the  limit- 
ing equation  will  involve  two  of  them,  and  the  given  and  limiting 
equations  will  contain  a  common  quadratic  factor  which  will  contain 
two  of  them.* 

» 

If  all  the  four  roots  of  a  biquadratic  equation  are  impossible,  tho 
limiting  equation  formed  by  the  ordinary  process,  being  a  cubic 
oqnatioB,  will  contain  at  least  one  real  root.f 

15.  To  investigate  the  solution  of  a  cubic  equation  hj  the  method  of 
.Cardan, 

Let  3i^^piS^'\-p^^p^=0  be  a  complete  cubic  equation,  and  let  its 
roots  be  denoted  by  a,  h,  c. 

When  this  equation  is  transformed  into  «•— j'dJ+r^O,  an  equa- 
tion wanting  its  second  term ;  if  a,  /B,  y  denote  its  roots, 

then  ^^aJc^.  »^h+^,y^cJc^^ 

and  if  the  roots  of  the  transformed  equation  can  be  found,  the  roots 
of  the  proposed  equation  are  also  known. 

Assume  x  =  y+^i  then  the  equation  a;*—  j^«-{-r  =  0  by  substitution 
becomes  y*+(3y8  -  y)(y+«)+«'+r  =  0. 

And  since  y  and  «,  two  unknown  quantities,  have  been  substituted 
for  one — ^namely,  x ;  another  condition  may  be  assumed  in  the  solu< 

■  II  ■  I  '  ■'■  '  '  ■■■.  —     ■■■p.  I  II  III!  ■i-l 

*  It  18  obvioTis  from  thi^  tnasformation,  that  if  a  cabic  equation  contain  two 
eqnal  roots  with  the  same  or  different  signs ;  and  if  a  biquadratic  contain  two  or 
three  equal  roots,,  these  equal  roots  can  be  detected  by  inspection.  As  in  the 
examples. 

The  cubic  equation  a;*  -  a;'  -  So; + 12  «0,  can  be  put  ioto  the  form 
.;'  -x*  — 2*a;  +  2'.8«0 ;  and  sincethe  last  term  and  last  term  but  one  contain  the 
factors  2*,  2 ;  therefore  2  is  one  of  the  equal  roots  of  the  equation. 

The  biquadratic  ««+«*-  80a:'  +  704^  -  56  --0  can  be  put  into  the  form 
.r^  +2*  -  2.3.5a;*  +  19.2^0;-  7.2*  »0,  of  which  the  last  and  preceding  terms  contain 
the  factors  2*,  2*,  2 ;  2  is  one  of  the  three  equal  roots  of  the  equation.     . 

t  The   equation    «4-&B'+42a;>-80a;+ 125-0,    has    the    roots    l±2V~lf 

3±4\/-l- 

The  limiting  equation  is  4a;« -24a;»  +  84aj  -80-0,  or  «•  -  6x«  +  21x -  20=0, 

when  A«l,  a"  -8iC«  +  21aj-20-l-6  +  21  -20-22-26=  -4,  a  negative  result, 

a;«2,  a;>-6a:«  +  21.T;-20=8-24  +  42-20-60-44-+6,  a  positive  result, 

.*.  one  root  of  the  equation  a;'  -  605* +  21je- 20—0  lies  between  1  and  2,  aud  is 

some  incommensurable  number. 
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tion.    Let  Sy^i^^^-fO  be  this  oondition,  then s-=^  and y  =^«andihe 
'      *  8y  a» 

tranBfoimed  equation  is  ^ — ry^+^sOy  a  qnadratic  equation.     Also 

At 

^— m'+^^O,  an  identical  equatum  is  obtained  by  snbstitnting  the 

yalue  of  s  instead  of  y. 

Hence  one  of  the  values  y*,  found  from  the  former  equation,  is  a 
value  of  s*  found  from  the  latter. 

And  therefore  y»-  -^+/!f_4V»  «•-  ---f~0*; 

^  2     \4     27/ '  2     \4     27/ 

Conseqaentlj 

"'+•-{ -H^^)'}'+{-.--(^-^)}' 

But  since  y^i  — r+(?f — ^Y  l^ ;   y  has  throe  values,  one  pos- 
sible and  two  impossible  ;*  and  similarly  since  z^\  ~~^'~~(t^^)  i  ' 

%  has  also  three  values  of  the  same  forms. 

And  sLnoe  a;«y+s,  these  values  of  y  and  %  appear  to  give  the 
following  nine  values  61  z : — 

y+«,         y+««f         y+**«, 
•y+«»        •V+«»         -y+^^f 

«iy-i.««,         *V+«<9  ^^y^tfz. 

But  the  equatbn  of  condition  yz^i-  indicates  that  only  thoee  of 

the  nine  values  are  admissible  whose  products  are  rational  numbers ; 
that  is,  the  three  roots  of  the  transformed  equation  are  y+^,  «y+*^ 

*  Every  number  posttive  or  negative  has  three  cube  rooti,  one  of  which  if 
numerical,  and  the  other  two  aymbolical,  or  imposeiblei 
To  find  the  cube  roots  of  +a*  and  ~ a*. 
Let  x^  «a*,  then  a;>'(a*)*aa,  the  numerical  cube  root  of  a'. 
To  find  the  other  two  roots,  x^  -  a*  -^0,  and  a;  -  a«0. 

•*.  ^— ll^*a;*+aa;+a*«0,  a  quadratic   equation,    of  which   the   roots   an 
ic-a 

«-4(-l  +  v/-8)o,  a;-l(-l-V-8)«. 

And  the  three  cube  roots  of  (  + a)',  area,  i(-l  +  V~8)a,  ^-1- V^^K 

Simikrly,  the  three  cabe  roots  of  (- a)*  are  -a,  i<l  +  \/-8)a,  i(l~v^-S)a. 

Ifa«l,  then  the  three  cnbe  roots  of +1  axe  1,  i(-l  +  V'S),  i(-l-V-S)> 
and  the  three  cnbe  roots  of  — 1  are  — 1,  }(1 + V  -  S)>  K^  ~  V  ~  S)- 

And  since  {i(-l-V-8)}*=^l(''l  +  V-'8),  or  the  square  of  one  of  the  sym- 
bolic cnbe  roots  of  + 1  is  equal  to  the  first  power  of  the  other,  the  three  cube  roots 
of  + 1  may  be  conveniently  represented  by  1,  ap,  «*,  and  similarly  for  the  three 
cuberootsof  -1.    Also  J(-l+>/-8)={i(-l->/-8)}->, 

andi(l  +  >/-8)-{4(l-V-8)}-*. 
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•f^y+MZ,  of  which  the  first  is  rational  and  the  other  two  impossible, 
«nd  as  these  are  denoted  by  a,  3,  y,  the  roots  of  the  proposed  equation 

are  denoted  by  a  a  a—^S  5«iB— ?i,  ^=y-^, 

3  3  3 

In  order  that  Cardan's  method  may  be  applioablOi  the  expression 

(iSf  """*  ""***"'  ^"'p^"^"*  ^'^*^^' 

If  -T>^»  ^on  I ^\  is  a  possible  qoantityy  and  one  root  of 

the  equation  is  possible  and  the  other  two  impossible. 

If  -r  =  ^ ,  then  t H I  =  0,  and  two  roots  of  the  equation  are 

4     27  \4     27/  ^ 

^ual. 

Henoe  Oardan's  method  is  applicable  when  two  roots  of  the 

cubic  are  equali  as  well  as  when  two  roots  are  impossible.* 

U  ^<g,then(^.0i.  an impoaaible  quantity,  «>d  Cardan'. 

formula  is  inapplicable ;  and  this  will  always  be  the  case  when  the 
three  roots  of  the  cubic  are  possiblCi  excepting  when  two  of  them  are 
«qual. 

16.  7b  inveUigaU  the  mkiiwn  of  a  hiquadraite  equaiian  hy  the  method  of 
Deeeartee, 

Let  z*+qj:F+rx+szz  0  be  the  given  equation  when  the  second  term 
IB  removed,  and  let  its  roots  be  denoted  by  a,  h,  c,  d. 

Suppose  this  equation  to  be  composed  of  the  two  quadratic  equa- 
tions x*+ex+f=:  0  and  «»— «af+y  =  0. 


*  Solve  the  cabio  equation  a;*  +  62;  -  2  •  0  by  Cardan's  nile. 

<—"'•- !-^(?-S)'l'^l-i-(7-ST- 

Here,  comparioga;«-^+r«0  withas*+0a;-2«O,  g=— 6,  r— -2. 
••.«-{ -l  +  (l  +  8)*}»  +  {-l-(l  +  8)*}*-{-l+8}*+{-l-8}*-2*+(-4)l 

-2*-2>--(2'-2*), 
thati8a;«-(2<-2i)>tnd«+(2'-^)-'0'  also  «>  +  (}«- 2  »0, 
•*'  — rftt    a\\  "0,  or  «•  -  (2*  -  V)x + (2*  +  2  +  2*)  ■■  0,  the  quadratic  equation  which 

will  give  the  other  two  root%  whioh  aze  impoMible. 
Solve  the  cubie  equation  x*—27x+6i^0, 

therefore  two  roots  of  the  equation  are  equal,  and  Cardan's  method  is  applicable, 
.-.  x-{  -27}*+{  -27}*-  -8-8--6  one  root, 

andaj+6-0,  butoj*  -27aj+64-0,  .-.  5lz^^t51-0, 

cra*-6»+9«>0  is  the  equation  which  contains  the  two  equal  roots  8,  8, 

•*•  the  roots  are  8|  8y  6. 
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Then  («•+«?+/)(«•— «r+y)  -  0 

is  an  equation  identical  with  j^+qa^-i-rx+s^O. 

Therefore  the  corresponding  terms  of  these  equations  are  equal,. 

/+^— d«  =  y,  (/— />-r,>>-«. 

Hence,  /+y  «  j'+d',  and  ^— /=  - , 

.-.  2^-^+«'+-,  and  2/=  j+««— ?!. 

and  i^+2^iJ*+ (^— 4#y— r*  =  0.     Let  d»  *  y, 
then  y'+2^y'+(^— 4«)y— r"  =  0,  a  cubic  equation. 
Hence,  the  solution  of  a  biquadratic  is  reduced  to  the  solution  oF 
a  cubic  equation.    And  since  every  eabic  equation  has  at  least  one 
real  root ;  from  this  equation  a  value  of  y  or  «*  oan  be  obtained,  and 
also  the  values  of  /  and  g,  and  consequently  the  roots  of  the  tiro 
assumed  component  quadratics  can  be  determined. 

Bince  y  ~^,  and  « is  the  sum  of  any  two  of  the  four  roots  a,  h,  e,  d 
of  the  proposed  equation  a^+qa^+rx+B^Q,  it  follows  that  there  are 
three  ways  of  forming  the  two  quadratic  equations. 

And  since  the  sum  of  the  four  roots  of  the  equation  are  equal  to 
zero,  d  may  be  assumed  equal  to  a-^-h-^c. 

If  the  roots  a,  h,  i,  — (a+^+^)  o^  ^^  biqnadratie  be  all  possible^ 

theji  the  simis  of  evety  two  roots  are 
0+h,  a+e,  h+e;  or  -(*+<?),  -(«+«),  -(«+*),   • 
and  d» = {a+h)\  f  =  («+«)»,  «•-(*+ <?)", 
so  that  the  three  values  of  0*  are  all  possible,  and  the  values  of  ^  or 
y  in  the  reducing  cubic  are  all  possible. 

Next.    If  the' four  roots  be  all  impossible  of  the  forms 

ii  +  3>/— 1,  and  — a  +  «V — 1 1 
then  the  sums  of  every  two  are 
+2«,  -.2a,  (»+<^)V-l,  -(*+i^)^/-l,(a-<?)^/-l,  -(i-0  >/-t, 

and  a» «  (2s)*,  ^  =  -  (*+0»,  #»  =  (*-<>)*, 
so  that  the  values  of  f  are  all  possible,  and  the  values  of  ^  or  y  in 
the  reducing  cubic  are  all  possible. 

Thirdly.  If  two  of  the  four  roots  be  possible  and  two  impossible 
of  the  forms  a±Jv'-"l»  — «+<^»  — a— «, 

tiien  the  sums  of  every  two  are 
2tf,  -20,  (tf+J^-1),  -(<.+5  7-l),  _(^-6^-i),  (c-i^-i), 

and  «*=(2a)«,  «"  =  (c*-6«)+2*<?  V"  1»  •■  =  (e^-^)-2^>/— 1, 
of  which  one  value  of  «*  is  possible  and  the  other  two  values  im- 
possible, and  the  values  of  ^  or  y  in  the  reducing  cubic  are  one 
possible  and  two  impossible;  and  the  reduoing  cubic  can  be  solved 
by  Cardan's  method. 
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And  the  four  roots  of  i^+q$^+rx+9  =  0  being  found  from  the  two 
quadratios,  the  roots  of  the  proposed  equation  are  also  determined.* 

17.  2b  mfsiitgate  the  soluUon  of  a  hiqwtdratie  equaium  aeeording  to  the 
method  of  EuUr. 

Let  a^^qa?+rx+e  =  0,  be  the  given  equation  transformed  into  one 
wanting  the  second  term. 

Suppose  « to  consist  of  three  parts,  •t  ^,y\ 

then  since  d? «  a  4.  fi+y^ 

.-.  a?»«?+i3«+7«+2(«6+«y+iBy),  and  putting  a»+ii»+>«  =  ^, 
s^^A  a»  2(a^+iry+j3y),  squaring  this  equation, 

=  45+8«^ya?,  putting  «»/5» + «V+/3V  =  B, 

*  To  solve  the  eqn&tion  «^ — 25a;'  +  SOa;  -  86  -  0  by  Descartes*  method. 

(Jenenlly  the  quadratics  are  a;* +«:«+/«"  0  and  x'-ftc-f-^-O  to  be  determined 
for  the  solution  of  the  biquadratic. 

And  the  reducing  cubic  of  »*  +  ga?*  +  rsc + « -•  0  is  y •  +  2^*  +  (g*  —  4*)y  -  r«  —0. 
Hence  the  reducing  cubic  of  «*  -  25a;»  +  60a?  -  86  -  0  is  y •  -  50y«  +  769y  -  8600 = 0, 
^md  since  the  signs  of  the  terms  are  alternately  positiye  and  negative,  the  roots  are 
all  real  and  podtiye,  or  one  real  and  positive  and  two  impossible.  If  the  real  root 
be  integral,  it  is  one  of  the  divisors  of  the  last  term  8600  or  2^.8«.5«,  which  has 
45  different  divisors.  On  trial  it  as  found  that.  «>«9  ^Uafies  the  equation^  and  9  is 
therefore  one  of  the  roots. 

And  y'-gOy'  +  769y8600^^  ^  y»-41y+ 400-0  contains  the  other  two 

30oti^  which  are  16  and  25 ;  so  that  the  three  roots  of  the  reducing  cubic 

2^*  -  50a;«  +  769y- 8600 -0  axe  9, 16,  25. 

And  since  y«>«',  the  values  of  e  are  8,  4,  6,  j    . 

and ^--25  +  9  +  20-4,  and2i/'--25+9-20--86;  .*. /--IS,  and^«2. 

Hence  by  substitution,  in  the  two  quadratic  equations 
4;<  +  8a;-18«*0  and  a;'— 89+2-0. give  the  ibur  roots  of  the  biquadratic  equation 

1,2,  S,  -6. 

If  the  value  of  e  be  ta^en  .equal  to  4,  it  may  be  shewn  that  ;e* + ia;— 12 —0  and 
4B*— 4«-l-8— 0  are  the  two  quadratics  which  give  the  roots  1,  2,  8,  -6. 

Also  if  the  value  of  e  be  taken  equal  to  5,  the  quadratics  are  a;*  +  5a; -6=0, 
«nd  fls*  —  6a; + 6 —0,  which  give  the  same  four  roots. 

And  from  this  example  it  appears  that  when  the  four  roots  of  the  proposed 
equation  are  all  possible,  the  roots  of  the  reducing  cubic  are  also  all  possible. 

As  a  second  example,  solve  the  equation  x^-Sa^^+eaj+S— 0  by  Descartes* 
method. 

Prooeeding  as  in  the  preceding  example,  the  reducing  cubic  of  a;^  -  8a;*  +  6as + 8  »  0 
will  be  found  to  be  y*  -  6y*  —  28y  -  86 — 0.  Let  s — y — 2  for  removing  the  second 
term,  and  the  equation  becomes  2*  -85z-98— 0,  which  can  be  solved  by  Cardan's 
method,  as  it  contains  two  impossible  roots ;  but  it  is  obvious  on  inspection  that 
2—7  satisfies  this  equation,  and  Cardan's  process  is  not  required.  And  since 
ssy-2  .'.  ys2+2-7  +  2-9,  arootof  the  reducing  cubic y*- 6^^-28^-86 =0, 
and  since  y-9-e',  e»±8;  and  2^<- -8+9-2-4,  2/- -8  +  94<2-8, 

.•.flF«2,/-4. 

Hence  by  substitution,  «*  +  8a; + 2 — 0  and  a;'  -  8a; + 4 — 0  are  the  two  quadratica 
which  give  the  four  roots  of  the  biquadratic,  - 1,  —2,  i(8±>/  -  7). 
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.••«*— 2-40?*— 8oi37a:+(-4'— 4^)  =  0,  ifhioh  13  em  equation  identical 
with  x*+q3r+rx+8  ■=  0. 

Hence  q  =  — 2il,  r  =  — 8ai3y,  «  =  A^^iB, 

Anda*+i3»+7»  =  ^=-£, 

4  16  64 

From  these  equations  it  is  evident  that 

o     or  ^  4a     f 

—5 ,  ^ ,  — ,  are  the  coefficients  of  the  second,  third,  and  fourth 

2        16        64 

terms  of  the  cubic  equation  y*— ^y*+i — -  y =  0,  whose  roots  are 

'^      2^         16         64       ' 

By  compf^ring  the  reducing  cubic  in  Euler's  solution 
^""2^+^-T?^-£"^'  <>'  (4y)»-2^(4y)^+(j«-40(4y)-r»  =  a, 

with  y*— ^3^+  (^'— 4«)y — 7^  =  o, 
the  reducing  cubic  of  Descartes ;  it  will  be  seen  that  the  roots  of  the* 
former  equation  are  respectively  quadruple  of  the  roots  of  the  latter. 

Since  «  =  04-/34.7  la  a  root  of  the  biquadratic,  and  c^,  ^,  *f  are- 
the  roots  of  the  reducing  cubic;  it  follows  that  ±0,  ±3,  ±7  appear  to- 
furnish  eight  different  values  of  x^ 

*  To  solve  the  biqaadratio  equation  «^— 25a;*  +6O2;- 36=0  by  £aler*8  method. 

Q  Q^  "  4-9         f' 

Generally,  the  reducing  cubic  of  a*  +  ja;»  +rK+«=0,  is  y*  -  |'y*  +    ,g    V-  g7~^- 
It  follows  that  the  reducing  cubic  of  a^  -  25a;*  +  60as  -  86=0  is 

Transforming  this  cubic  into  one  whose  roots  shall  be  four  times  as  great,  by 
\mting  Ay  for  y,  it  becomes  y»  -60y«  +  769y -  3600=0. 

The  roots  of  this  equation  have  been  already  determined  to  be  9,  16,  25  (p.  21). 

Hence  the  roots  of  y»-55y«+?^y-??5=0  are  i,  1?,   ?5,  which  are  respcc- 

2  16         4  4      4      4 

tively  the  value  of  a«,  /B%  >•,    .'.  a=±?,  3=^,  t^^' 

And  since  the  last  term  -^  of  the  reducing  cubic  ia  negative,  all  the  values  of 

4 

-=^y   -^^  =—  must  be  negative,  or  two  positive  and  one  negative* 

The  four  roots  of  the  proposed  biquadratic  will  be 

-a~iB-y=-?-l-5=-2-4=-6 
2    2    2 

.a+/l+7- -1+1+1=2  +  1=3 
.+^.^=8+1-5^  +  2.1=1, 
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But    ^B^^L.,  .\9firf,=.±L.     If  -  be  positive,  the  product  «J9y 
64  8  8 

must  be  positive,  and  this  condition  requires  that  «,  ^,  t  be  all 

positive,  or  one  of  them  positive  and  two  negative. 

In  this  case  the  four  roots  of  the  biquadratic  equation  are 

If  -  be  negativOi  the  product  ofiy  must  be  negative,  and  this  can 

o 

only  be  the  case  when  a,  i9,  y  are  all  negative,  or  when  two  are  positive 
and  one  negative. 

And  the  four  roots  of  the  biquadratic  are 

18.  To  solve  a  biquadratic  equation  hy  the  method  of  Simpson,  or  of 
Jrarinff,  as  it  is  more  commonly  knoum. 

This  method  does  not,  like  the  methods  of  Descartes  and  Euler, 
require  the  transformation  of  the  equation  to  another  wanting  the 
second  term.  The  solution  is  made  to  depend  on  the  assumption  that 
the  given  biquadratic  may  be  made  equal  to  the  difference  of  the 
squares  of  two  algebraical  expressions. 

Let  ^*+Pi^+Ptxr^+p's^+Pi^O  be  the  proposed  equation. 

Assume  x^+p^a^+p^x^+p^+p^  =  {x'^+^Pi  +^)'-  (i7«+  C)\ 

Expanding  and  arranging  the  terms  of  this  equation 

=  x'+p,a^+{2A''B'+lp,*y+{p^A  -  2BC)x+A*-  (7». 

or  1,  2,  8,  -  6  are  the  roots  of  a;* — 25x«  +  GOx  -  86  =  0. 

Solve  the  equation  jc*  —  8a;»  +  14x*  +  4c— 8=0  by  Euler's  method. 

First  transform  the  equation  into  one  which  shall  want  the  second  term,  and  it 

17      1 
becomes  x*  - 10««  -  4-c+8=0,  the  redacing  cubic  of  which  is  y"  -  6y'  +  -jy— 2=0, 

and  this  equation  transformed  into  one  with  integral  coefficients  is 

y««10y«  +  17y_2=0. 

The  roots  of  this  equation  will  be  found  to  be  2,  4+>/15,  i—i^l6,  which  are 

17      1 
double  of  the  roots  ot  y*  -5y^+tiy- _=0. 

Hence  the  roots  of  the  reducing  cubic  ar»  a*  =1,  /5*=l(4  +  %/15),  7*=i(4- V'lS), 
and  a=  ±  1,  fi—  ±  4(>/5  +  y/Z),  y=  ±  i(>/5 — >/8),  and  the  product  of  afiy  is  negative. 
Therefore  the  four  roots  of  the  biquadratic  x*  -  lOx*  -  4a; + 8==  0  are 

a+iB+7=l  +  J{V5  +  s/3)  +  i(V5->/3)=l+>/5. 

«-  ^ - -y^l  -  i(V5  +  V8)  -  i(\/6  -  n/3)=1  -  V5.  • 

.-a+/B-7=-l  +  i(v^o  +  ^/8)-.4(V5-V8)=-l  +  >/8. 
-a-/B  +  7=-l-l(\/5  +  V3)  +  l(V6-V8)=-l-V8. 

And  since  the  roots  of  a^  -  10x*-4jb+8=0  are  respectiwlj  greater  by  2  than 

the  roots  of  aj^  -  8a:«  +  14a:»  +  4a;  -  8=0, 

.*.  3  +  >/5,  3  "  >/5,  1  +>/3,  1  -»y2  are  the  four  roots  of  the  proposed  equation. 

This  may  be  easily  verified  by  shewing  that  the  equation 

{a;-(8  +  ^/5)}.{ar-(3-^/5)}.{a;-(l  +  ^/8)}.{a;-a-^/8)}«0,  iaidenticalwith 

«*  -8a;«  +14a;«  +  4a;-8=0. 
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Equating  the  coefiicients  of  oorresponding  powers  of  x^ 
.-.  2^— ^+J|?,*=jP8,         p^A-2BC^p^         A^'-'C^^p^ 
BnA£*^2A+ipj*^p^,         2BC'^PiA'-p^         C*-ui*-^4. 
Now  obviously  ^  X  C'»i(2A(7)^,  since  £^+2BC+  (7*  is  a  complete 
square,  .-.  (2-4+i/?i«-;pa)(^'-i?4)  =  (l>i^-l>$)', 

or  2A*^ptA*+2{  p, '\'PiPt)A -{^Pi^p^—Pi^t—Pi^)  =  0, 
a  cubic  equation  from  which  the  values  of  A  can  be  found  in  terms  o£ 

Pl9  Pt9   P99   PA' 

And  since  B*^2A  +iPi^'^Pt  and  (P -« A*—p^t 

.'.  £  and  C  are  also  known  when  A  is  known. 
But  {a?+ip,+Ay-^{Bz+  erf 

^{{^+hPi^+A)+{Bx+€)}{{a^^\p,x+A)^{Bx+(r)]^(T^ 

•••  «*+ll?iar+ul+(j9a?+C)  =  0andar^+|iiiir+-4-(^iF+(7)  =  0, 
are  the  two  quadratic  equations  firom  which  the  four  values  of  x  can 
be  determined  in  terms  of  pi,  Pf,  pg,  p^.* 

19.  To  explain  Nnoion^s  mMod  of  finding  an  approximaU  value  of  am 
inconimeneurahle  root  of  a  eubie  or  hiqmdtoAc  equation,^ 

Let  ^^p^-^-p^-pi^O  be  a  cubic  equation  having  an  incom- 
mensurable root. 

*  Solve  the  equation  ««  -  4a;* + 8«*  -  So; + 8=0  by  Simpson's  or  Waring's  method. 
Assume  aj*-4»»  +  8«» -««+8=(aj« -2a;+-4)*-(ite+a)« 

««♦  -  isB»  +  {2il  +  4  -  ^«  yaj«  -  (14  +  22ra)« + ^«  -  C*. 
Equating  coefficients  of  conesponding  powers  of  x* 
2^  +  4-^*=8,  4^  +  2^0=8,  ^*  -C*=8.    Eliminatiiig ^ and  (7,  the  cabic  equation 
A*  —4^3  +  hA  -2=s0  is  obtained,  of  which  the  roots  or  values  of  ^  are  1»  1,  2,  and. 
taking  u4=2,  ^=0,  and  (7=1. 

.-.  (a;»-2aj+i4)«-(Br  +  (7)=(a;«-2aj+2)«-l=0, 
and(a5«-2aj  +  8)(a!«-2«+l)=0,  anda«-2a5+8=0,  ««-2aj+l=0 
are  the  two  quadratics  from  which  the  four  values  of  x  can  be  determined. 

It  is  poasible  that  there  are  some  fonns  of  biquadratic  equations,  the  solution' 
of  which  may  be  more  readily  effected  by  making  the  solution  to  depend  on  the- 
assumption  that  the  given  equation  may  be  transformed  into  the  sum  instead  of  the- 
difference  of  the  squares  of  two  algebraical  ezpressiona. 

t  Of  the  various  methods  of  approximating  to  the  incommensurable  roots  of 
numerical  equations,  that  of  Newton  is  the  lea^  tedious  and  the  most  simple  and 
direct  in  its  application.  Both  Lagrange  and  Fourier  have  pointed  out  the  def(;cts 
of  Newton's  method,  and  great  caution  is  necessary  in  its  application,  especially 
when  two  roots  falling  between  two  consecutive  integers  are  nearly  equal.  But,, 
notfdthstanding  the  objections,  it  is  capable  of  a  more  direct  and  ready  application 
than  other  methods.  By  substituting  in  the  given  equation  the  successive  approxi> 
mate  values  obtained,  the  results  will  show  the  oorreotness  or  inoorrectnesB  of  any 
of  these  approximate  values. 

Lagrange's  method  of  approximation  is  effected  by  means  of  continued  iWictions* 
Mr.  Homer's  method  of  approximation  is  a  prooess  requiring  successive  trans- 
formationfl^  and  a  series  of  operations  by  which  the  figures  of  the  root  are  found  in 
succession.  The  theorem  of  Stunn,  combined  with  the  method  of  Mr.  Homer, 
renders  the  theoxy  and  solution  of  numerical  equations  complete.  It  appean^  how* 
ever,  that  the  study  of  these  methods  may  be  advantageously  d9f<en:«4  imtil  the 
general  theory  of  equations  is  considered. 
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Let «,  ^  be  two  oonseoniiyie  nnmbeirSi  a  less  than  h,  which  when  sub- 
stituted for  the  unknown  quantity  giTe>  one  a  posittve  and  the  other  a 
negative  result. 

Then  one  real  root  at  least  lies  between  a  and  h. 

Let  e  denote  some  number  less  than  unity,  and  when  a+e  is  sub- 
stituted for  d?  in  the  given  equation,  it  becomes 

This  equation  when  reduced  and  arranged  according  to  powers  .of  e  is 

(rt'— it7ia«+^^— j?8)+(8«*.-  2;Pj«+i?,)6-h  (3tf— i>,)<»'+<^  ^  0 ; 
but  since  e  is  less  than  unity,  t^  is  less  than  unity,  and  ^  less  than  <?• 

If  the  term  involving  efi  be  rejected,  then 

If  also  ^  be  rejected,  («'-— j?ia*+^^— j95)H-(3<i*— 2|?ifl+p,)e— 0. 
If  values  of  e  be  obtained  from  these  equations,  the  value  of  e  when 
■added  to  a  will  give  a+^,  a  nearer  value  of  x  than  a. 

If  the  value  of  0+^  when  substituted  for  x  in  the  given  equation 
give  a  result  having  the  same  sign  as  when  a  was  substituted  for  x ; 
then  a+eiB  nearer  the  true  value  of  x  than  a. 

A  still  nearer  approximation  may  be  made  by  repeating  the  pro- 
cess, and  the  approximate  value  may  be  made  to  approach  the  exact 
value  of  X  to  any  required  degree  of  accuracy. 

By  a  similar  process  an  approximation  can  be  obtained  by  diminish' 
ing  by  d,  the  greater  limit  i,  in  the  same  manner  as  has  been  done  by 
jmereoiinff  Uf  e,  the  smaller  limit  a.^ 

20.  In  the  solution  of  cubic  and  biquadratic  equations,  the  most  im- 
portant object  is  to  determine  the  commensurable  and  incommensur« 

*  Find  an  approximate  Talae  of  one  of  the  roots  of  the  equation  x* — 3x+ 1=0. 

If  «=!,  1— 8  +  1  =  — 1 ;  if  JB=2,  8-6  +  l=  +  2  ; .'.  one  root  lies  between  1  and  2. 

But  if  aj=l*5,  (l-5)»  -8(1-6+ 1=»  -  "126,  and  .*.  one  root  lies  between  1*5  and  2. 

iLet  x=V5+e,  snbstitating  this  value  of  a;  in  the  given  equation, 

(l-5+«)»-3(l-5+«)  +  l=0,  or  -•126  +  3'75«  +  4-5c«+c»=:0. 

Since  e  is  less  than  unity,  let  e*  +  i'5c^  be  rejected,  then  3'75«— '125=0,  and 
e=s  *038  nearly,  .* .  »=1'5  +  e=l  '5  +  *033  =  1  *533  nearly,  an  approximate  value  of  one 
jrolue  of  X, 

To  obtain  a  nearer  approximation. 

Let  X  =  1*533  +  ^,  and  by  a  similar  process  it  will  be  found  that 
4-05026«'+ -00368=0,  and  «'=  -  '00091  nearly. 

.'.  a;= 1-533 +^=1-533- '00091 =1*63209  nearly,  a  nearer  approximation  than 
tthe  first.    A  still  nearer  approximation  may  be  found  by  repeating  the  process. 

But  if  only  e*  be  rejected,  then  4*6e*  +  8*75«-  '125=0  is  a  quadratic  equation 
whose  approximate  roots  are  e='0821  and  «=  -  '8354. 

Taking  the  positiye  value  of  e, 
a;=l-5+e=l -5 +  '0321=1 '5321  nearly,  which  is  obviously  an  approximate  value 
of  X  nearly  equal  to  the  second  approximate  value  obtained  by  the  first  process. 

The  process  is  exactly  the  same  for  finding  an  approximate  value  of  an  incom- 
mensurable root  of  a  biquadratic  equation*  When  one  root  is  found,  the  equation 
can  always  be  depressed,  if  a  cubic,  to  a  quadratic ;  if  a  biquadratic,  to  a  cubic. 
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able  roots,  as  these  only  are  capable  of  an  intelligible  interpretation. 
Impossible  roots,  when  such  exist  in  an  equation,  do  not  admit  of  any 
such  interpretation. 

As  the  equations  whidi  most  frequently  occur  in  philosophical 
questions  and  investigations  are  such  as  inyolve  numericid  coefficients, 
the  real  roots  of  these  equations  can  in  general  be  obtained  either 
exactly  or  approximately. 

The  most  direct  process  for  the  solution  of  equations  consists  in 
first  finding  the  integral  roots.  If  an  equation  involye  roots  of  the 
form  ±1,  these  can  be  found  by  inspection,  and  other  integral  root* 
can  always  be  found  by  the  method  of  divisors. 

When  the  integral  roots  are  determined  the  equation  can  be 
depressed  to  one  of  lower  dimensions,  which  will  contain  only  incom- 
mensurable roots  or  impossible  roots. 

If  every  complete  biquadratic  equation  could  be  reduced  to  two  quad- 
ratio  factors,  the  four  roots  could  be  directly  determined  by  the  solution 
of  a  quadratic  equation.  But  as  the  ordinary  process  for  such  a  reduc- 
tion involves  the  solution  of  an  equation  of  the  fourth-  degree,  it 
therefore  fails  in  its  general  application.  Each  of  the  processes 
by  which  a  complete  biquadratic  equation  can  be  reduced  to  the  pro- 
duct of  two  quadratic  factors,  involves  the  solution  of  a  cubic  equation* 

Methods  of  approximation  can  be  applied  dirsHfy  for  finding  any 
incommensurable  root  of  an  equation,  to  any  required  degree  of 
accuracy,  when  the  two  consecutive  integral  numbers  are  known, 
between  which  the  incommensurable  root  lies. 


EXRB0ISE8. 

I. 

1.  Explain  the  principle  on  which  depends  the  ordinary  solution  of 
quadratic  equations.  Why  cannot  a  similar  method  be  applied  to 
soIto  cubic  and  biquadratic  equations? 

2.  Show  that  every  cubic  equation  has  at  least  one  real  positiye  or 
negatiye  root,  according  as  the  last  term  is  negative  or  positive,  and 
that  a  cubic  equation  cannot  have  more  than  three  roots. 

3.  Explain  how  any  equation  can  be  formed  having  given  roots ; 
and  why  the  converse  process  of  determining  the  roots  of  a  given 
equation  cannot  be  efiPected  by  any  general  rule  for  cubic  and 
biquadratic  equations. 

4.  What  is  meant  by  a  real  and  by  an  imaginary  or  impoutbU  root 
of  an  equation?  Write  the  general  form  of  a  complete  biquadratic 
equation,  and  shew  whether  the  general  assertion  that ''  an  equation 
has  as  many  roots  as  it  has  dimensions,"  ought  to  be  considered  as  an 
axiomatic  or  a  demonstrable  truth. 

5.  State  and  exhibit  the  relations  which  subsist  between  the 
coefficients  and  the  roots  of  an  equation,  (1)  of  the  third  degree,  (2) 
of  the  fourth  degree. 

6.  If  any  coefficient  of  an  equation  be  changed  in  its  yalue  or 
sign,  the  values  of  the  roots  are  changed. 

7.  If  the  signs  of  the  terms  of  an  equation  whose  roots  are  real 
be  alternately  positive  and  negative,  the  roots  are  positive,  and  if  all 
the  signs  be  positive,  the  roots  are  negative. 

8.  If  a  cubic  or  a  biquadratic  equation  have  only  one  change  of 
sign,  it  can  have  only  one  positive  root. 

9.  Every  equation  of  four  dimensions  having  its  last  term 
negative  and  all  the  coefficients  rational,  has  at  least  two  rational 
roots,  one  positive  and  the  other  negative. 

n. 

Form  the  cubic  equations,  each  of  which  shall  have  respectively 
the  roots, 

1.  3,  4,  6.        2.  —3,  4,  5.     8.  -3,  —4,  6.        4.  —3,  —4,  —5. 
6.  3,  ±>/2.     6.  5,  2±V3.   7.  4,  2±>/— 3.      8.  —1,  1±>/— 1. 

ni. 

Form  the  equations  of  the  fourth  degree  which  shall  respectively 
have  the  following  roots : —  ' 

1.  2,  3,  4,  6.        2.  —2,  -3,  —4,  —5.         3.  —2,  3,  4,  —6. 
4.  9, 11,  ±^/5.        6.  3,  -3,  ±>/3.         6.  1,  —5,  ±>/— 3. 
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V.  ±>/8,  +>/— 5.        8.  1,2,  l±^/2.         9.  -1,  —3,  1+  ^  —  3 
10.  2+^/3,31  ^2.     11.  2+ V3,2±t/— 3.      12.  0,— 1, 1±  v'—l. 

13.  H1  +  >/3±(2.3»)*},H1-n/3±(-2.3*)}. 

14.  3±2V-1|  ±>/-5. 

IV, 

Solve  the  following  equations : — 

1.  a^— 3a;— 110  =  0,  one  root  6. 

2.  ar*— lla;'+36a;-  36  =  0,  one  root  6. 

3.  6;ir'-a;'—75a?+ 100  =  0,  one  root— 4. 

4.  a;^+8a?'— 3a;— 24  =  0,  one  root  >/3. 
6.  or^— 6a;*+6a;+8  =  0,  one  root  1-  v^.3. 

6.  o^-^la?- 7x+2 - 0,  one  root  2+  >/3. 

•  7.  ar*—9r*+ 19a;— 35-0,  one  root  1— 4>/— 1. 

8.  a;*+4a^  +  5a;^+2a;— 6  =  0,  one  root  — 1— v^3. 

9.  a?*+a;'^— 8a;'— 16a;— 8  =  0,  one  root  l  +  ^/5. 

10.  a;*+2a;3— 40^^- 4a;4.4  =  0,  one  root  v'2. 

11.  a;*— 3a;'+5ar— a;— 10  =  0,  one  root  l+2s/— 1. 

12.  a;*— 3a;3-5ar*+13a:+6  =  0,  one  root  1  +  ^2. 

13.  o;^- 30;*— 14a;'— 6a?+4  =  0,  one  root  3+ >/ 7. 

14.  a;*-h3a7'—10a;'— 54a;— 72  =  0,  one  root  -2—^—2. 

15.  0?*— 5a;*+8a;'— 10a?+12  =  0,  one  root  —  v'— 2. 

V. 

Find  by  inspection  one  of  the  roots  of  each  of  the  following  equa- 
tions, depress  the  equations,  and  find  the  remaining  roots  :—» 
1.  or'- 3a;3— a;+3  =  0.  2.  a;»--3a;+2  =  0. 

3.  2a;»— a;— 1  =  0.  4.  ar»— 7a;— 6  =  0. 

5.  a;'-2a;+4  =  0.  6.  a;«— 6a;— 9  =  0. 

7.  ar»+3ar3— 6a;— 8  =  0.  8.  4ar»— 3fl«a;— fl'  =  0. 
9,  2a;*+3a;*+5  =  0.                      10.  a:*— 3a^a;+2fl'  =  0. 

11.  (a;~5)(a;'-.5a;+5)+a;  =  5.      12.  a;(a?+l)(a;+2)  =-9x8x7. 

13.  3a;*+13a;»— 117a;— 243  =  0.     14.  «*— 5a;»— ;r+5  =  0. 

15.  0:^-0;"- 2a;— 2  =  0.  16.  a;*+4a;'+5a;»+2a;-6  =  0. 

17.  a;*-4a;*+8a;*— 16  =  0.  18.  a;*— 18aJ'+99a^- 162a;- 280  =  0. 

19.  (a;-3)(a;-4)(a;-5Xa;-6)-1.2.3.4. 

VI. 

Determinid  whether  the  following  pairs  of  equations  haye  roots  in 
common;  and  if  so,  find  them,  and  complete  the  solution  of  the 
equations : — 

1.  a;»-3a;»+ll«— 9  =  0and«»-5a;*+ll;p.-7-=0. 

2.  ar*-9a;*+26a;-24  =  0anda;'-5«*+lla;-7  =  0. 

3.  a;*-  10a;»+27a;- 18  =  0  and  a?*-  lla;'+41a;«— 61a;+80  « 0. 

4.  ;i;*-4ar»+8a;*-16a;+16  =  0  and  a;*-6a?+l3a;>— 12a;+4  =  0. 
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5.  ar*— 2«*— 7«»+26a:— 20  -  0  and  a?*+4aj*-.2a:*— 12a:+8  =  0. 

6.  a?»—4«'+ 164?— 16  =  0  and  2a?*— 17«*+53;c»— 72ar+36  =  0. 

7.  af*+«»— 6«»— 7«+ 10  »  0  and  2«»— 3««—  10aj'+28««-  3U+14  =  0, 

vn. 

How  may  it  be  discovered  when  an  equation  contains  equal  roots  ? 
Ascertain  if  the  following  equations  contain  equal  roots : — 
1.  «'—7a^+ 16a?— 12  =  0.  2.  «»+lla!»+24a?— 36«0. 

3.  a?»— 18a?H96a?— 128=s0..  4.  a?'—3a?»— 45a? +175^0. 

5.  aj'-ar*— 8a?+12  =  0.  6.  9261a?»— 13230a?'— 4000  =  0. 
7.  a?*— 6a?»+8a?— 3«0-  8.  4a?*-24a?'  +  45a?'-29a?+6  =  0. 
9.  a?*— 33a?*+100a?— 84«0.            10.  a?*— 6a?'+8a?»— 2a;— 1  =0. 

11.  **+2a;"-12aj»— 40a? -82-0.     12.  a?*— 24a:»— 64a?— 48  =  0.     . 

vm. 

Explain  what  is  meant  by  a  recurring  equation.  Solve  the 
following  recurring  equations^  and  yeiify  the  fact  that  each  pair  of 

conjugate  roots  is  of  the  form  u,  - . 

1.  a?»±l«X).        2.  a?»±«*+a?±l  =  0.        3.  a?»— 5aj*  +  5;p— 1 -0. 

4.  3a?»+7a;*+7a?+3  =  0.         5.  a;*+aa;«+aV+a»a?+a*  =  0. 

6.  a?*— a;»— 4aj»— af+l»0.         7.  2a?*— 5a?*+4a;»— 5a?+2  =  0. 

8*  12a^-91a?»+194a;»-91aP+12«0.         9.  a;»+2aj*+2a?+l=.0^ 

10.  a;»+9a?'+9a;»+l=0.         11.  «»+2a?*+3a?»+3«»+2a;+l  =0. 
\%.  a;»— lla?*+17a!»+l7a:»-lla?+l=0. 

18.  2«"— 15a?*+37a^+37a?*+15a?-2  =  0. 
14.  5a?'+26a?*+5a!"— 5a;»— 26a?— 5  =  0. 
16.  6a!*— 11a?*— 33a?»+33a?+lla?— 6  =  0. 
16.  a^— 3a?»+6a?*— 6a?*+3a?— 1-0. 

IX. 

Shew  that  if  the  sum  of  the  coefficients  of  an  equation  with  their 
proper  signs  be  equal  to  zero,  one  of  the  roots  is  + 1 ;  and  if  the  sum 
of  the  coefficients  of  the  odd  terms  be  equal  to  the  sum  of  the  co- 
efficients of  the  even  terms,  one  of  the  roots  is  —1. 

Solve  the  following  equations  :  — 

1.  a?»+3a?'  +  9a?-13  =  0.  2.  aj»-9a?*+27aj- 19-0. 

3.  a?»-6a?»+lla?^6-0.  4.  27a;»—135a?*+225a?— 117  =  0. 

6.  a?'—9a;*+ 23a?— 15  =  0.  6.  7aj'+6a?*+a?+3  =  0. 

7.  3a?»— a?»+18a?-20«0.  8.  20a:»+8aj«+a?+18  =  0. 

9.  a?*-6a?»+4a?*-7a?+7  =  0.  10.  «j*+8a?'— 6a?+8a?— 7=0. 

11.  a?*+4aj*— 13a?*-4a?+12a0.      12.  a?«— ll«»+18a?— 8-0. 

18.  «*+l3«'+88a?*+31a?+10-0.  14.  a?*-5a!»-6aj»-f  46a?— 36  =  0. 

16.  aj»+15a?»— 9ir»+5Sa?*+ap-48-0.     16.  a?*+2a;»-2a?— 1-0. 

17.  a?»+2a?*— 10a!»— 20a;»+9a?+18  =  0.      18.  a?*-2«»+2a:— 1  =0. 
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X. 

Solve  tlie  following  equations : — 

(1)  When  the  roots  are  in  arithmetical  progression. 

1.  ir'—15a;*4- 66a?— 80  =  0.  2.  «'— 9a?+23a?— 15  =  0. 

3.  ar'^l5a^+7lX'-l05=-0.  4.  «»— 20«»+117a?— 162  =  0. 

5.  a?*-10a?+35a?'— 50a?+24  =  0.  6.  a?*—8«'+14a;»+8a?-15  =  0. 

7.  a;*+22ar»+l59;i;»+418;p+280  =  0.  8.  a?*+a;'— lla;'+9;r+18  =  0. 

(2)  When  the  roots  are  in  harmonioal  progression. 

1.  ;r'—lla:«+36a;— 36  =  0.  2.  Sa^^Qa^—Sx+l^O. 

3.  a^—22:r»+ 144a?— 288  =  0.  4.  105a!»— 71a?'+15a?— 1  =0. 

5.  a?»—23:r»+13.5a?— 225  =  0.  6,  6«»— l5a?'+64;-l  =0. 

(3)  When  the  roots  are  in  geometrical  progression. 

1.  a?'-7a;»+14a?-8  =  0.  2.  a;»-13a?«+ 39a? -27  =  0. 

3.  a?'— 14ar^+56a?-64  =  0.  4.  a;"— 26a?»+ 156a?— 216  =  0. 

5.  a?*  +  2a?^+4a;'+8a?+16  =  0.      6.  a?*- 30a;»+28a?»-960a?+ 1024  =  0. 

XI. 

1.  Shew  how  to  increase  or  diminish  the  roots  of  an  equation  by  a 
given  quantity,  and  state  some  of  the  uses  of  this  transformation. 

2.  Transform  the  equations  a;*+3a:*— 8a?+10  =  0  and 

0?*— 40?*- 9a?+20a?+32  =  0  into  equations  which  shall  want  their  second 
terms. 

3.  Transform  3a;*+15a;*+25a?-3  =  0,  a;*-8a?»+24aj"+60a?- 168  =  0 
into  equations  in  which  the  coefficient  of  the  second  term  shall  be  zero ; 
and  shew  that  the  value  of  e  which  causes  the  second  terms  to  vanish, 
will  also  cause  the  third  term  to  vanish  in  the  first  equation,  and  also 
the  third  and  fifth  terms  to  vanish  in  the  second  equation. 

4.  Transforma?»-5a;»+Ta?-12  =  0anda?*-12a?»+30a?»-l6a?+48  =  0 
into  equations  wanting  the  third  term. 

5.  Transform  the  equation  a?*—- 9a;'^27a;— 8  »  0  into  another  in  which 
the  second  and  third  terms  disappear. 

6.  Determine  the  resulting  equation,  when  the  second  and  fourth 
terms  are  made  to  vanish  from  the  equation  a?*+4a?*-f  So;*— 2rB— 6»  0. 

7.  Transform  the  equation  2a?'— 2^4-3a?+6  =  0  into  one  which  shall 
have  all  its  signs  alternately  positive  and  negative. 

8.  Transform  the  equation  a?*— a?*— — +3  =  0  into  one  which  shall 

have  all  its  terms  positive. 

9.  Transform  the  equation  5a^— 7a;*+2ar— 1  ^0  into  one  in  which 
the  highest  power  of  the  unknown  quantity  shall  be  unity. 

10.  Transform  the  equation  of*- 40a; -(-39  =  0  into  one  whose  roots 
shall  be  (1)  the  sum,  (2)  the  difference  respectively  of  every  two  roots  of 
the  original  equation. 
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11.  Transform  2 16r»-504a^+24fl?+ 11  «^ 

and  8a;*— 4^+12a;»+2^— 1  =  0 
Into  ec][uations  wliose  coefficients  shall  be  integers,  and  the  coefficionta 
of  the  highest  power  of  x  in  each  equation  unity. 

12.  Transform  «*—  10a;  +  4  =-  0  into  an  equation  whose  roots  shall  be 
tlie  reciprocals  of  the  products  of  every  two  roots  of  the  given  equation. 

13.  l^ansform  the  equation  r*-6i;*+lla:— 6  =  0  into  oiie  whose 
Toots  shall  be  (1)  greater  than^  (2)  less  than  the  roots  of  the  given 
equation  by  4,  6,  6  respectively. 

14.  Find  the  two  equations  which  shall  respectively  have  their 
roots,  (1)  the  products  of  every  two,  (2)  the  products  of  every  three 
roots  of  the  equation  a^+4ar'— 13a;'+5ar+3*0,  and  shew  that  the 
resulting  equations  will  be  of  six  and  of  four  dimensions. 

15.  Transform  the  equation  ii^— 12^-4-41^— 29  =  0,  (1)  into  an 
^x^uation  whose  roots  shall  be  the  squares  of  the  differences  of  the 
roots,  and  (2)  into  one  whose  roots  shall  be  the  differences  of  the 
squares  of  the  roots  of  the  given  equation. 

XII. 

Explain  the  method  of  divisors  for  finding  the  integral  roots  of  an 
equation,  and  shew  how  the  number  of  substitutions  may  be  lessened. 
Find  the  roots  of  the  following  equations : 
1.  ;r».^4ar*— 6a'+12  =  0.  5.  .r»— 9a:3+26ar— 24  =  0. 

3.  ar*— 4a;*— 7a;+10  =  0.  4.  or'— lla:*+38a:— 40«0. 

6.  4ar»+ar2— 13a:— 12  =  0.  «6.  8a:'— 45a;* + 73a?— 30-0. 

7.  a;*+2ar»— 14.t:»+2ar— 15  =  0.  8,  a;*— 5ar«+3a;«  +  2a7+8 -0. 
9.  a;*— 6ar»— 27ar^— 4a;+36  =  0.         10.  a:*— a;^— 13a:»+16a:— 48  =  0. 

11.  2a?*— na;'+l9a^+20a:— 60  =  0.    12.  a?*— aK*+10ar»+4a;— 24  =  0. 
13.  3ar*—19ar»+34a;»— 45a?— 24  =  0.    14.  a?*— 40a? +  39  =  0. 

XHL 

If  «,  J,  <jbe  the  roots  of  the  equation  a?*- />a;'+5'a?— r  =  0;  find  in 
terms  of  the  coefficients  of  the  equations  the  following  expressions  : — 
1.  a^  +  h^^i?.  2.  fl»+5»+<?».  3.  fl*  +  5*+c*. 

4.  a-»+5-»+(r*.  5.  «-'+J-»+<r».  6.  <j-*+5-*+(r*. 

7.  («+«-')+(i+J-0+(^+e?-0.     8.  (fl*  +  0+(^'+^-')  +  (<^+0- 
9.  (a+i)(6+t?)(^  +  a).         10.  a»i»+a»(?»+iV.         11.  ei^+J'^+c*. 

».  (.+»+0.{i+i+i}+W+..+fc).{l+J+'^}+*+|.. 

16.  («5— iW)(Jl— «W)(cl— ««»). 

§12 
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XIV. 

If  a,  h,  e,  d  be  the  roots  of  the  equation  a?*— |>a;*+3'jr*— rj?+<«0. 
find  the  values  of  the  following  expressions  in  teiins  of  the  coefficients 
of  the  equation : — 

1.  a^+b^+(^+d\        2.  a«+^'+c'+</».        3.  a*+h'+(^+d\ 

6.  h-^+h-'+iT^+d-K        7.  a'bcd+h^aed+e'abd+d'ahc. 
8.  (i+c— a-c?)(r+a— 3— rf)(a+J— tf— J). 
t^ahaeadhebded 
b    a^ e^a^ d  ^a  *  c  *  b  *  d     b^  d     c 
^^     a'       i'       c*       ^  1^    rtJ(?     flW    acd    bed 

12.  «^3«+«»c'+a»rf«  +  JV+3*r?+<>«J*. 

18.  a»*»c*+aVrf«+<iV<f*+JVrf«.         14.  «»+i»+<?»  +  cr. 

16.  Given  a:*— 6:c'+5j?'+5j?— 6  =  0,  whose  routs  are  a,  b,  e,  — (f; 
required  the  sum  of  the  fuur  functions  of  the  roots  of  the  form 
«+254-3«+4i>  in  terms  of  the  coefUcients  of  the  equation. 

XV. 
Pind  the  roots  of  the  following  equations : — 

1.  «*— 13a;' +44j?— 32  =  0,  one  root  double  of  another. 

2.  J2j?*+13a^— 20:p+4  =  0,  sum  of  two  roots  one  third  of  —4. 

3.  ar»— 15ar'+C6:i— 80  =  0,  sum  of  two  roots  13. 

4.  j;'+2a»— 21a?+18  =  0,  quotient  of  two  roots  -  2. 
6.  a?'— 12a?  +  47aj— 60  =  0,  difference  of  two  roots  2. 

6.  s^ — 12a; — 16  =  0,  one  root  the  square  of  another. 

7.  8^;*+  Ha;*— 5a;— 2  -  0,  one  root  the  sum  of  the  reciprocals  of  the 
other  two. 

8.  a!'+4a;*— 9j:— 36  =  0,  two  roots  of  the  form  ±a. 

9.  a;"— 4ar*— 3a?+12  =  0,  two  roots  of  the  form  ±'>/a. 

10.  2a;*— 1  Iar*+I7a:— 6  =  0,  two  roots  of  the  form  a,  a"*. 

11.  a*— I0a^+27j?— 18  =  0,  a,  i,  c,  roots  such  that  a^2b,b-  3e. 

12.  a;"— 17a^+  94a?— 108  =  0,  two  roots  in  the  ratio  of  2  to  3. 

13.  «*— I6aj*+68a?— 80  =  0,  roots  proportional  to  1,  2,  3. 

14.  «^— 4a;*4-a?+f  =  0,  one  root  3,  find  value  of  e. 

15.  a;*— 31a;* + 300a;— 900  =  0,  roots  successive  triangular  numbers. 

XVL 
Eind  the  roots  of  the  following  biquadratic  equations  :— 

1.  a;*— 4i*+5a;*— 16a;+4  =  0,  two  roots  of  the  form  a,  -, 

2.  ^— lU'  +  4lx— 61a;+30  =  0,   sum  of  two  roots  equal  to  tho 

greatest  root. 

3.  a;*— 45aj'— 10j;+84-0,  difference  of  two  roots  3. 
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4.  a?*— 7a^+  ll«*+7a;— 12  «  0,  3  is  the  product  of  two  roots. 

5.  a;*+a;»— 62aj'— 80ar+1200  =  0,  product  of  two  roots  30. 

6.  a;*— 47^— 126j;— 80  =  0,  product  of  two  roots  equal  to  that  of 
the  other  two. 

7.  ar*— 104;"+35ar'— 50d?+24  =  0,  roots  of  form  a  ±  1,  3  +  1. 

8.  6a?*—43a;*+107a»-108;c+36  =  0,  roots  of  form  a,  i,  ?,  -. 

0   a 

9.  iT*— 4«»+lU*— 14;r+10«0,    roots    of    the    form    a+i^  — U 
a+2Jv^— 1. 

10.  a;*— 2aV+4fl*»a?+a^— i*  =  0,  one  root  of  form  a+hy/—!. 

11.  X* — 2a3^+hji^+ox+f==Of  a  is  the  sum  of  two  roots. 

12.  a;*— 3;c»— 7«'+27a?— 18  =  0,  two  roots  of  the  form  ±a. 

XVII. 

Transform  the  equation  a^—px^+qx—r-0,  whose  roots  are  a,  h,  o^ 
into  equations  whose  roots  shall  be  respectively — 

1.  a+h^c,  a+c-b,  h+c-^a.        2.  a{b+c\  h{a+e),  e{a'\-h), 
3.  a'+a,  i*+3,  c^+e.  4.  a*+he,  U^+ae,  c'+ah. 

5.  rt^±*S  h^±t^,  i^±a'.  •     6.  a\h+e),  h\a+e),  e\a+h). 

7.  ab{a+h)f  (Kj(<i  +  (?),  be(h+c).       8.  a+b+ab,  a+e+ac,  b+e-^bc. 
9.  (a  +  5)(a+i?),  {b+e){b+a),  {c+aXe+b). 

10.  a»  +  5»,  a'  +  <^,  J'+<^.         11.  fl  +  «^+«',  J+^+^,  <?+«*+«». 
,ft        1  1  1  ^^    ab     ae    be 

a+b    b+e    (?+«  e      b      a 

-y.     a    b    a     e    b    e        ,-111111 

^*-  4+«'  :^+«'  j+r    ^®-  «5+4-.'  j5+?.  ^+j.- 

16.  «+^,  J+1,  «+-'  .       17.  <.'+>'+^,  *'+«^+i,  «'+<^+i.. 
be         ac         ab  ab  be  ac 

^a  0  b  a  ^q       abe  abe  abc 

a+J — e^  fl+c — 3*  3+c — a'  *    ai+ic?'  ae+be    (Uf+ac' 


-{'-?}■•  C-f'}*  {'-?}■• 


xvni. 

1.  Determine  the  relation  between  the  coefficients  of  the  equation^ 
^.^p^^qs^ — r4r+«  =  0,  in  order  (1)  that  the  second  and  third  terms 
may  vanish  by  one  transformation,  also  (2)  the  third  and  fourth  terms. 

2.  Transform  a^+^:r'+^^ +^  =  ^  io^o  an  equation  whose  roots  shall' 
be  the  squares  of  the  reciprocals  of  the  roots. 

3.  Shew  that  the  third  term  of  the  equation  «•— f  jp^+J-*— »*  =  0^ 
cannot  be  removed  by  transforming  the  equation  if  3^  be  greater 
than  J?'. 

4.  Form  the  cubic  equation  whose  roots  shall  be  a-\rb\ 
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5.  Shew  that  the  roots  of  the  equation  ^+2f;p^+S'J? —r^=0  are 
respectively  the  squares  of  the  roots  of  the  equation  x^+^x-i-r  =  0. 

6.  The  roots  of  ai^+mx+n  =  0  are  a^,  hi ;  the  roots  of  a^+px+j  =  0 

are  a.,  i, ;  form  the  equation  whose  roots  are  -*     -i ,  -i ,  -* . 

7.  If  0,  by  e  be  roots  of  a?*4-/?^^+^^+r  =  0;  find  the  equation 
whose  roots  shall  be  a+&,  a+c,  h+c,  and  apply  the  resulting  equation 
to  the  equation  whose  roots  shall  be  the  sum  of  every  two  of  the  roots 
of  the  equation  a^-  8;r*+23a;— 22  =  0. 

8.  If  0,  6^  ^  be  the  roots  of  the  oquation  3^-\-qx^r  ^  0  ;  find  the 
equation  whose  roots  shall  be  a*  — 06  +  ^',  a^—ac+c^,  b*—be+t^. 

9.  Transform  the  equation  ai^—jpa^+qx^—rx+s^O,  whose  roots  are 
a,  b,  Cf  d,  into  one  whose  roots  are  ab+cd,  ac-\'bd,  ad+bc. 

10.  Transform  the  equations  as* — a^y*+y*  =  85  and^y(a;' — y*)  =  18  into 
two  other  equations  in  which  the  new  values  z,  w  shall  be  s  =  a^ — y*, 
io=^xy^  and  shew  that  the  resulting  equation  involving  only  z  is 
z»-.8522+324  =  0. 

11.  Eliminate  x  and  y  between  the  equations 

^+y+2«6,  «»+y«  +  «»=14,  a;'  +  22/^+3«'  =  2(]|, 
'and  solve  the  resulting  biquadratic  tquation. 

12.  Transform  the  equation  a:'— i^iO^+j?^— ^»0  into  an  equation 
whose  roots  shall  be  the  squares  of  the  differences  of  the  roots  of  the 
given  equation;  and  shew  that  the  differences  of  the  roots  of  the 
given  equation  are  respectively  equal  to  the  differences  of  the  roots  of 
the  transformed  equation. 

XIX. 

1.  Prove  that  impossible  roots  of  the  forms  a±.b^ — 1  and 
±&v^— 1  enter  equations  with  integral  coefficients  in  conjugate  pairs ; 
as  also  surd  roots  of  the  forms  a±,^/b  and  ±^/i. 

2.  Prove  that  a  cubic  equation  whose  coefficients  are  whole 
numbers  has  no  fractional  root,  and  shew  why  it  does  not  apply  to 
the  equation  a^ — a:'+a;  =  0. 

3.  If  ^a+>/5  be  a  root  of  a;'+;?a^+2'«+r  =  0,  then  a'+|WP+j'  is  a 
factor  of  r ;  ^  ndt  being  a  perfect  square,  and  p^  q,  r  integers. 

4.  If  a^-\-qx+r  =  0  have  a  root  of  the  form  J(fl+  -n/^)  where  >/>  is 
irrational,  dbew  that  a  is  a  root  of  the  equation  ^^qx — r  »  0. 

5.  If  a+b^J—l  be  a  rootof  the  equation  ^'+£^+f  ^0,  then  a  is  a 
root  of  80^+25^0;--^"  0,  and  Sa*— ft*  =  — g' ;  but  if  a+J>/  *  1  be  a  root 
of  a^—psf-^r  =  0,  then  a  is  a  root  of  8a^— 8pa5*+  2^a?+r  =  0. 

6.  Find  a  condition  that  a^'\'2qa?'{'irX'^S'^Q  m»,j  have  two 
imaginary  roots. 

7.  Transform  ;i^— 4^0^+ 10^* — 12^4-9  **0  into  an  equation  whose 
roots  shall  respectively  be  less  by  unity,  and  from  the  result  shew  that 
the  roots  of  the  proposed  eq«atioa  axe  all  impossible. 
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8.  If  a+5>/— 1  be  a  rootofa^+px^+qj^+rx+a^O;  then  t^o  of 
the  roots  wiU  be  i{-(i?+2a)±(ii»-2^-2a'  -h2J»— ^-V  I . 

9.  A  biquadratio  equation  cannot  have  all  its  zbots  real,  if  the 
coefficient  of  any  term  be  less  than  a  mean  proportional  between  those 
of  the  two  adjacent  terms. 


1.  Shew  that  a?-7«*+164?— 10  can  never  be  negative  for  any 
▼alne  of  x  greater  than  unity. 

2.  Find  between  which  of  the  roots  of  o^— 9^+ 23a?— 15  =  0  the 
number  2  lies. 

3.  Find  a  number  greater  than  the  greatest  positive  root  of  the 
equations  a^-  6x+23  =  0  and  ar*—  8^+12a;"+16a:  —  39  =  0  respectively. 

4.  Find  a  number  greater  than  the  greatest  negative  root  of  the 
equation  a^+^a:*- 31a; -70  =  0. 

5.  Determine  a  limit  less  than  the  least  positive  root  of  the  equa- 
tions x^+Sa^"  8a?-  64  =  0  and  x^Sx^^5x'+  2x+3  =  0. 

6.  Find  a  number  less  than  the  least  negative  root  of  the  equation 
«»— 4it'— ar+20  =  0. 

7.  Find  the  superior  and  inferior  limits  of  the  roots  of  the  equation 
^-«8aP»-.llar+21=0. 

8.  Find  a  number  less  than  the  difference  of  any  two  roots  of  the 
equation  «*  — 7a?-f  7  =  0. 

9.  Find  the  number  and  the  situation  in  order  of  the  real  roots  of 
the  equation  «■— 5aj*+7ir— 36  =  0. 

10.  Bequired  the  number  and  situation  of  the  real  roots  of  the 
equation  a?*  -  2«*  -  7«*+ 10ar+ 1 0  =  0. 

11.  Find  two  limits,  one  of  which  is  greater  than  the  greatest,  and 
{he  other  less  than  the  least  root  of  i?*—l9a:'+l  17^7*^2610;+ 162  »0. 

12.  Find  the  number  of  real  roots  of  a?*— 4a;'+ll  aO  and  the  con- 
secutive integers  between  which  they  are  placed. 

13.  Find  the  first  figure  of  one  of  the  roots  of  the  cubic  equation 
«»— 17«"+64a?— 350  «  0. 

14.  Find  the  first  figure  of  one  of  the  roots  of  the  biquadratic  equa- 
tion a^+3«'+2«"  +  6a?- 148  =  0. 

XXI. 

1.  If  the  successive  substitution  of  of  and  h'  in  any  equation  for  the 
unknown  quantity,  give  results  affected  with  different  signs,  then  one 
at  least  or  an  odd  number  of  roots  lies  between  ^  and  b' ;  but  if  the 
yesolts  are  affected  with  the  same  sign,  an  even  number  of  roots  or 
none  at  all  lies  in  the  above-named  interval. 

2.  Find  the  limits  of  a  and  e  in  order  that  the  equation 

a^—  4aa;'-  2aV-h  12a'a?+c  «  0  may  have  three  real  roots  equaL 


n 
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3.  If  the  real  roots  of  a  biquadratio  equation  be  Bubstituted  in 
the  limiting  equation,  the  results  will  be  alternatively  positive  and 
negative.    Ex.  V— 10ir'+85«*— 60a?+24  =  0. 

4.  In  a  complete  cubic  equation  of^p^+p^—^i »  0,  if  the  square 
of  the  coefficient  of  the  second  term  be  less  than  three  times  the  co«> 
efficient  of  the  third  term^  the  proposed  equation  has  a  conjugate  pair 
of  impossible  roots. 

6.  Shew  that  every  number  which  written  for  x  in  the  equation 
Ji^'-pa^+q^+rx+i^O  makes  it  and  all  the  derived  fiinctions  positive 
is  a  superior  limit  of  the  positive  roots  of  the  equation. 

Ex.  1.  a^— 2«»+104?-.3«0.        Ex.  2.  ar^+aj*— lOr*— a?-f  15-0. 

6.  If  a,  ft,  e,  d  be  the  roots  of  a^^^piO^+p^^p^+Pi^Of  and 
4«*—  SpiS^+2p^'-'P^  =  0  be  the  limiting  equation ; 

then    '^-^^+^Pf^-Ps  ^    ^     ,  ^     ,     ^     ,     ^    . 
a^-^Pjpi^+p^^p^+p^    df— «  ~x^b  ^x^e  ^a:—  d 

7.  Given  the  equation  4a;'+9a;'^1247+2  =  0;  employ  ihe  roots  of 
its  first  derived  equation  to  discover  the  number  and  position  of  its 
real  roots. 


XXIL 

Investigate  Cardan's  method  of  solving  a  cubic  equation,  and  solve 
the  following  equations,  first  shewing  when  the  method  is  applicable 
by  applying  the  criterion : — 

1.  «*+&r+4  =  0.  2.  «•— &p+6  =  0. 

3.  «»+6a?-32  =  0.  4.  «»--8a7- 18  =  0. 

6.  «»+6a?+20  =  0.  6.  «»— 684?— 870  =  0. 

7.  «»-3a?»+15a?+50  =  0.  8.  «»+2«*+2ar+4  =  0. 

9.  «•— 6a?*+l0iir-8  =  0.  10.  2:P«+8^«-}-16;r— 1  «(.r+8)*. 

11.  «»— 4a«»+6a*ar— 2<i^  =  0.      12.  «•— «*— 6a:+21  =0. 


Solve  the  folio  wing  biquadratic  equations : — 

By  the  method  of  Descartes. 

1.  «*— 6a:»+8«»+6:r— 9«0  2.  of*- 5«*- 4;*? +  30  =  0. 

8.  a?<—3««— 424;— 40  =  0.  4.  «*+4«*— a?+6»0. 

6.  ar*+84;»+a:«— ar— 10  =  0.  6.  «*-5;r»+8a:»— 10a? +12-0, 

By  the  method  of  Euler. 

1.  «*+3«"+2ay+3  =  0.  2.  a;«-2«s+ie«— 15=:0. 

8.  «♦— 26a!^+60a^— 36-0.  4.  «*— 5a^— 4af+S0  =  0. 

By  the  method  of  Simpson  or  Waring. 

I,  ^(^•«-ftr»-|.l2^-12ar  +  4  =  0.        2.  a?*-6.i;»-14.r»-l&r+8  =  0. 
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5.  a?*— l2a;»+l2ar-8«0.  6.  i»*— 3a»>+210ar'+588ir+289«0. 

XXIV. 

Explain  Newton's  method  of  approximaiion  to  the  incommenBur- 
able  roots  of  an  equation,  and  determine  the  conditions  for  a  saccessful 
application  of  his  method. 

Find  an  approximate  value  of  an  incommensurable  root  in  each  of 
the  following  equations : — 

1.  «»— 2a?-6  =  0.  2.  2«»— «*+d?— 3000«0. 

3.  a;»-7a?-l=0.  4.  «»+9a?— 20  =  0. 

5.  a:»-.4a^— 7;c+24  =  0.  6.  «*— 5a;»+3a:»+35ar— 70*0. 

7.  a:*— 2a^+2«*-6a?-3  =  0.  8.  a:*— 5a;*+7a;*-6a:-6  =  0. 

9.  ar*-6«^+8a?— 5  =  0.  10.  a?*— 5«"— 2a:*+l^a?^3  =  0. 

XXV* 

1.  The  equation  ^r*— ^a;*+£a?— r  «  0  has  two  equal  roots,  shew  that 

one  of  them  is    ^""^  .    is  the  converse  necessarily  true  ?    Find  the 

third  root. 

2.  The  root  common  to  the  equations  :i^+pa^+qx+r  =  0  and 
a«-|.pV+^a?+r'  =  0  is  real,  if  q—^  =  2{(p--y)(r— r')}*. 

^   3.  If  the  roots  of  a^+aa^+bx+e  =  0  be  of  the  form  a,  - ;  ^ ;    shew 

a 

that  e{a—e)  =  h—l. 

4.  The  product  of  the  two  unequal  roots  of  cM^^h^+cx^d  =  0  is 
equal  to  unity ;  prove  that  the  third  ro6t  will  be  equal  to  £ll?. 

5.  If  two  roots  of  the  equation  aa^+3h^+3cx+a^O  be  equal, 
then  shall  4(<w— 6«)(W— O— («^— ^<^)*  *  0. 

>     d.  If  a^+^^-H'aO  have  two  equal  roots,  the  product  of  the  roots 

of  its  limiting  equation  will  be  ^(-)  . 

7.  If  the  equations  s^+p^i^+qx+rmO  and  3a^+2jpa;-{-^  »  0  have  a 
oommon  root,  eaoh  equation  involves  the  same  factor  of  the  first 
degree,  and  27r»+2(2p*-  9q)pr+q\4q—p*)  =  0. 

8.  Shew  that  if  a^+hi^+cig-\'d^  0  and  a'si^+Vx^+i/x+ce  =  0  have 
a  common  root,  the  eqeffloients  must  satisfy  the  rations 

ad^-i^d    hd'-'h'd    edl-dd 
iih  —  ah* ""  €£c—ad  "  dd—  aH  * 

9.  Shew  that  the  equations  (u^'\-ha^'\'ex'\'d^^ 

and  <^+<!!^+ ^-|-0  =  0 

will  have  two  roots  in  common  when  the  following  conditions  are 

fulfilled  :— 

ahe—a^-^b^d-aed    a^—bcd—i^+^d    d{ae^bd) 

ae—bd  ab-^ed  a"— rf* 
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10.  If  ihe  equations  ^—pi^r+fi  =  0,  «*— jPt«+ft-0,  «^— l>««+fi=0 
haye  roots  h,  e;  e,  a;  a^h  respeotiyely,  the  equation 

has  its  roots  a,  b,  e. 

1 1 .  If  a^+pa^+qx+r  =  0,  a^+qa^+rx  +p  «  0,  a^+r^+qx  +p  =  0 
hare  a  common  root ;  shew  tiiat  ^+r^  -  2pq. 

12.  If  each  of  two  pairs  of  the  equations  tu^+hx+e^Of 
ha^+cx+a'mO,  eg^+ax+b=^0  have  a  common  root;  prove  that  a 
common  root  exists  for  the  third  pair,  and  that  if  they  all  have  a 
common  root,  t^+V+c^  =  Sa^e. 

18.  The  roots  of  the  equation  s^-^Spg^+Sqx+r^O  cannot  be  all 
real  if  ^r  be  greater  than  jf  ovpr  greater  than  q^. 

14.  If  a,  a,  ^  be  the  roots  of  the  equation  V+3^2;^+^4;-)-^-0,  and 
€f  c,  a  be  the  roots  of  a^+%^^+^i^+n  "^  0,  then  shall 

P+Pi  r+r,  9pp.    ^    *^ 

15.  The  roots  of  the  equation  a^—pa^-^-qx—r^O  are  a,  i,  e,  and  tiie 
roots  of  a;»--pV+£'a;— r*  =  0  are  «,  ft,  d*  Determine  e  and  ^  in  terms 
of  the  coefficients  of  the  equations. 

XXVI. 

are  identical  equations  with  real  roots. 

2.  SoIto  the  equations  «*— To^'+SesO  and  «^~  80^— 10^+24=0, 
the  former  of  which  has  one  root  equal  to  8  times  one  of  the  roots  of 
the  latter. 

8.  Having  given 

(4.— l)(a?— 2)(«-3)+tf(«-l)(«— 2)+ J(«— l)+i>  =  0, 
determine  the  values  of  «^  ft,  c,  so  that  4,  5,  6  may  be  the  three  roots 
of  the  equation. 

4.  If  d;'+iKr*+7^+^  =  0,  of  which  the  roots  a,  ft,  0  are  real,  be 
satisfied  by  x^mZ^ s/B,  it  will  be  satisfied  by  4; -  — r. 

5.  The  roots  <rf  tiie  equation  aa^+hx+e^O,  are  two  of  the  roots  of 
the  cubic  equation  (^2^+{l^—ae)hx+c'*  -  0 ;  find  the  third  root 

6.  If  a,  ft,  e  be  the  roots  of  the  equation  «*— 8d;+7  »  0,  determine 
the  numerical  values  of  «r*+ft*+^  and  s^+aV+ft*^. 


1.  If  «  be  the  sum  and  p  the  product  of  the  roots  of  the  equation 
x\ax+b)^(a+hx)»0,  then  4u+bp^0. 

2.  Qiven  tiie  equation  a^—pa^+^^^rMO  whose  roots  arei^  ft,  c; 
express  (s— ft)'  in  terms  of  c. 
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3.  Hpq^Tt  what  is  Che  natoxe  and  value  of  the  roots  in  the  equa- 
tion «*— |w?+j«-r- 0  f    Ex,  «•— 8«*+4aj- 12  =•  0. 

4.  Solre  the  equation  a^+paf+qx+r^Of  when  ^^f,  and  apply 
it  to  find  the  roots  of  a^^4a?+Qx-  3-0. 

5.  If  a,  bf  c,  arranged  in  order  of  magnitude,  be  the  roots  of 
a^—^pof+Sqx^T'^Oi  shew  that  the  equation  rx^^2q*x+rq  -  0  contains 
the  greatest  and  least  of  them. 

6.  Determine  the  ratio  of  :r  to  y  in  the  equation 

7.  Solve  the  equations  as^+ba^y+cxi/'+if^  =  0,  and 

8.  Given«+y=«,«^+y*-a*,«»+y*  =  J';  shew  that  «»-3«^«+25»-0. 

9.  Prove  that  the  product  («*+flaj+«i)(«*+6a?+i»)(«'+ «»+»»)  will 
contain  no  powers  of  x  whose  indices  are  not  multiples  of  3,  if 
a+h+e^O  and  a'+5*+«^  =  6m;  and  by  means  of  the  resulting  ex- 
pression determine  the  roots  of  a;*— 20^+343  <-  0. 

10.  The  equation -^  +  -^+-^+--?i^=0  win  be  satisfied  by 

*+*!      *4"^a      *+^B      ^+^4 

only  one  finite  value  of  x,  if  <>i+<S|+4»+tf4  =  0, 

and  a|di+^i+4i^s+0A^O* 

11.  Find  the  values  of  x^  y^  z  from  the  equations  dry+:e»+y««26y 

«y(«+y)+^^+«)+y«(y +«)  =  1 68, 

and  «y(«»+y*)+d»(a?«+iO+y«(/+«»)  =  538. 

12.  The  surface  of  a  rectangular  parallelepiped  is  22  square  inches, 
the  length  of  its  diagonal  is  >/14  linear  inches,  and  its  solid  content 
is  6  cubic  inches ;  find  its  edges. 

13.  Shew  that  impossible  roots  in  an  equation  lie  under  the  form  of 
two  positive  or  two  negative  roots  in  equations  in  which  they  occur. 
Determine  whether  the  equation  a?^{c?'{^1^^^)x^2ahe^Q  has  im- 
possible roots. 


1.  If  a^+p«•-^J'a*+r«+l»■0  and  «*+nB*+5'«*-|-pa?-|-l  =  0,  have 
a  common  root,  then  j7-f  t'^  ^"+2. 

2.  If  «*+p^+^  =  0,  and  a^+qsi^+p  -  0,  have  two  roots  in  common ; 
find  the  relation  between  ^i  and  q. 

8.  The  eqii«t«m*'+«:+.-0lM.eqt«d»ot8  When  (^y=(|)*; 

and  no  real  root  when  (H  is  less  than  (^  j . 

4.  The  equation  a^-pa^+qa^^rx+t:=0  has  two  pairs  of  equal 
roots :  find  their  value  in  terms  of  the  coefficients* 

5.  If  ^+4p3i^+6qsi?+irx+$  =  0  have  three  equal  rootsy  prove  that 
£«+2pjr-f*— /i^«— j^-O,  s— 4pr+8j*-0. 
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6»  Shew  bow  to  find  the  equal  rooto  of  an  equation.  Does  the 
method  apply  to  the  case  where  the  same  imaginary  root  oocuxs 
more  than  once  in  an  equation  ?  Apply  the  method  to  find  the  equal 
roots  of  the  equation 

ii^+13«»+83aj»+81a?+ 10  «  0. 


XXIX. 

1.  Shew  that  the  value  of  the  expression 

a?*-28«»+277«»— 1134a?+792, 
if  X  be  between  6  and  8,  cannot  exceed  8. 

2.  Besolve  a?*—  5;c'+^<^  ii^to  its  simple  factors. 

8.  Shew  that  ^+24:*+$'^+''^+^  =  0  becomes  a  quadratic,  if 
^  =  r+1.     Solre  the  equation  d?*+2a^+9ar"+8a?— 9  =  0. 

4.  SoIyo  the  equation 

(a:+l)(ar+2Xa:+3)(a:+4)  =  (ar+l)*+(«+2)«+(4?+8)»+(a?+4)«. 

5.  Find  the  roots  of  the  following  equations,  if  the  equation 
«^— 10ic»+85j:'-60;i;+24«0  contain  all  the  different  roots  of  the 
•equations  a;"— 7«'+ 14a?— 8  =  0  and  «"  -  63?'+ 1 U— 6  =  0, 


XXX. 

1.  In  the  equation  a^— ^4^+^^^— ra;4-«"*0,  determine  the  oon- 
•ditions  (1)  that  the  sum  of  two  of  the  roots  shall  be  equal  to  the  sum 
<A  the  other  two,  and  (2)  that  the  product  of  two  of  the  roots  shall  be 
«qual  to  the  product  of  the  other  two. 

2.  Solve  the  equations  o^— 2a«>-f  (<^— 2^>i^+2tf3'd;— o^^'-oO,  and 

2«(«*+8#-7)(4J»+«-  8)  -  21(a:*+8a?-  8)  -  9(«»+&»-  7).  - 
.    .3.  The  equation  y—2Cf+jf>c»+2(p—j>c—l  has  four  real  roots 
^hen  27|i"^— (j"— /?*— 1)*  is  negative.  .  . 

4.  If  —  1,  — <»,  —3,  — ^  be  the  roots  of  the  biquadratic  equation 

41ien  shall  Pi-i9i+l>s-P4  =  1* 

5.  If  a,  3,  c  be  the  roottf  of  the  cubic  equation  sf-^p^s^  '\-p^'^p^ «  0, 

then  (l-i^O^+d^i-l^.)'- (l+0(l+**Xl+0. 
And  if  a,  ^,  e,  d  be  the  roots  of  ^—piX^+p^^p^+p^'^O, 

then  also  {l-Pn+P4y+iPi-P^y-^{l+<^')(l+V){l+e^{l+fi). 

6.  Qiven  s^+ax+b^O  and  s^+cx+f»Oi  skew  tiiat  the  final 
equation  determining  y  will  be  a  biquadratic  wanting  the  second  and 
fourth  tenns  if  <»*+4  W— <^  -  0. 

7.  Bequired  the  conditions  to  be  satisfied  that  in  the  division  of 

v^-^q^—rx—i  by  s^-^ax-^-b  the  remainder  may  be  zero  independent 

of  the  value  of  x  after  three  terms  of  &e  quotient  have  been  obtained  ; 

and  when  these  conditions  are  satisfied,  obtain  an  equation  for  finding 

h  from  £,  r,  9  giveui  and  shew  how  to  solve  it. 
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XXXI. 

1.  If  the  ooefflcients  of  a  redprooal  equation  be  whole  nnmbenri, 
shew  that  it  can  haye  no  oommenBOxable  roots  except  +1  and  —1. 

2.  A  reourring  equation  of  five  dimensionB  can  be  reduced  to  one- 
of  four  dimeneionB,  and  the  roots  can  be  found  by  the  solution  of 
an  equation  of  two  dimensions,  and  a  recurring  equation  of  six 
dimensions  may  be  solved  by  means  of  an  equation  of  three  dimen- 
sions. 

3.  A.reenrnng  equation  of  four  dimenmons  has  its  roots  of  the^ 

form  a,  -;  h,  ^\   and  an  equation  having  all  its  coefficients  wholes 

numbers  cannot  have  a  fractional  root.    Shew  that  these  two  propo^ 
sitions  are  not  inconsistent. 

4.  In  the  transformation  of  a  given  equation  into  one  whose  roots^ 
shall  be  the  redprocals  of  the  roots  of  the  given  equation ;  find  under.* 
what  conditions  the  traiisf  ormed  equation  will  be  identical  to  the  given 
equation. 

5.  Transform  the  equation  ^+^+^+^+1  =  0  into  one  whose* 
roots  shall  be  the  squares  of  the  roots  of  the  given  equation;  and  shew 
from  the  roots  themselves  that  the  transformation  is  correct 

6.  F^ve  that  the  equation  whose  roots  are  a^  5,  _,  -  is 

II     o 

y(**+l)+(£'+l>'+l)^=Mfl^+l)(^+l). 

7.  Transform  d^+4:i!'— 8^— 4^0  into  a  reciprocal  equation  by 

increasing  each  of  the  roots  by  the  same  quantity ;  and  then  find  its 
roots. 

8.  Determine  the  roots  of  «*— 4.2*«*+6.4*,a:^— 4.8*ui?+2  =  0. 

9.  Shew  that  the  sum  of  the  squares  of  the  roots  of  the  reourring 
equation  c^-^-pa^'^qa^+px+X  =  0  is  less  than  the  sum  of  the  squares  of 
the  roots  of  the  reducing  quadratic  by  4. 

10.  In  the  recurring  equation  ^-Hl^i^+^^+l'^+l  ^O,  whose  roots 
are  «,  h,  c,  d,  prove  that 

^+^+^+^+&c.  =  (p«+2f +2)(i^-2j-2)^ 

xxxn. 

1.  Determine  the  relati<ms  which  subsist  between  p,  q,  r,  in  the* 
equation  a^^-pa^+qx — r»Oy  (1)  when  the  roots  are  in  arithmetical 
progression,  (2)  when  they  are  in  faarmonical  progressioni  and  (8) 
when  they  are  in  geometrical  progression. 

2.  Form  the  equation  whose  roots  shall  be  the  arithmetic, 
harmonic,  and  geometric  means  between  the  roots  of  the  equation 

8.  Transform  «*'-|'«*+ J4?— r  -  0,  whose  roots  are  a^  *,  c^  into  m 
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equation  wbose  lOots  Bhall  be  mean  proportionalB  between  every  two 

lOOtB. 

4.  Solve  the  equation  (x+ai){x+at)(x+a^){x+a^)=d;  0|,  «,,  a„  a^ 
being  in  arithmetical  progression. 

5.  If  a^^/KT^+gx—r^O  have  its  roots  in  harmonical  progression, 
shew  that  the  equation  qV-  (pj*— 3fr)4;+(^— 3p^+9r»)  =  0  oontains 
the  greatest  and  the  least  roots. 

6.  If  the  roots  of  a^—px^+qx — r  =  0  be  in  harmonical  progression, 
and  Pf  qhe  integral ;  then  r  is  the  square  of  the  greatest  root. 

7.  The  harmonic  mean  of  two  roots  of  the  equation 

6a^—x^^75x+lOO  ^ 0  is  2 ; 
find  the  roots. 

8.  Find  in  terms  of  m  and  a  the  roots  of  the  equation 

a^+p<u^+{mF+m)aV+rax+a^  =  0, 
which  are  in  geometric  progression. 

9.  If  the  roots  of  the  equation  €U^+h:^+ex+d  «  0  be  in  harmonical 
progression,  prove  that  ^  =  4hd,  and  e* + 400acP  ^  0. 

10.  Shew  that  if  the  two  roots  of  a  biquadratic  equation  be  an 
arithmetic  and  harmonic  mean  respectively  between  the  remaining 
two,  the  product  of  the  greatest  and  least  roots,  or  of  the  two  others, 
shall  be  equal  to  the  square  root  of  the  last  term  of  the  equation. 

Hence  solve  the  equation  a;*— 30^+320j^-  1440j;+2304  «  0. 


1.  Shew  the  advantage  which  arises  in  the  solution  of  a  cubic 
equation  by  Cardan's  rule,  by  first  transforming  the  complete  equa- 
tion ^+Pi^+p^+Ps  -  0  into  the  form  o^'+g'ar+r  =  0. 

2.  Point  out  from  the  inconsistency  of  the  assumptions  made  in 
Oardan's  solution  of  a  cubic  equation,  that  the  method  fails  when  the 
three  roots  are  real,  except  in  one  case. 

3.  If  ir  =  (±a')*+(±3')*,  determine  aU  the  values  of  x  for  which 

the  values  of  (±a')\(±y)*  are  possible. 

4.  If  1,  «,  fi,  be  the  roots  of  flr*+l  =0,  shew  that  •?+/S»«  -2. 

6.  If  the  equation  «*— yj:+r  =  0  have  two  of  the  roots  a±J>/— 3 ; 

6.  If  a  be  the  possible  root  of  the  cubic  «*— g^+r  =  0,  which  can 
be  solved  by  Cardan's  method ;  then  must  a  be  greater  than  2^1, 

3 

7.  In  the  solution  of  a  cubic  equation  by  Cardan's  method,  shew 
that  the  expression  — i{(y+*)i(y "*)>/""  ^}  coJ^tains  the  two  im- 
possible roots. 

8.  Theformuhi«  =  {r+v^(r«-g'')}i+{r->/(r*— j^Kexpresaesthe 
complete  solution  of  the   equation  (a^-2r)*— ST^a^nO.     In  what 


43 

manner  c&n  the  formula  be  modified,  so  as  to  express  the  roots  of  the 
equation  «*— 3g^a?— 2r  =  0  only. 


XXXIV. 

1.  If  0  be  the  sum  of  two  roots  of  the  equation  ai^+qa^+rx+8  =  0, 
then  (without  consideration  of  the  reducing  cubic)  shew  that  «*  has 
only  three  different  values. 

2.  Express  the  four  values  of  the  unknown  quantity  in  the 
biquadratic  equation  in  terms  of  the  roots  of  reducing  cubic  equation. 

3.  If  a  biquadratic  equation,  when  deprived  of  its  second  term,  haa 
the  coefficient  of  ^  positive,  two  of  the  roots  at  least  are  imaginary. 

4.  Prove  that  Descartes'  solution  of  a  biquadratic  equation 
succeeds  when  all  the  roots  are  possible,  and  when  two  of  them  are 
equal. 

5.  The  sum  of  the  roots  of  Descartes'  reducing  cubic  is  equal  to 
the  sum  of  the  squares  of  the  roots  of  the  biquadratic. 

6.  If  a  be  one  of  the  roots  of  Descartes'  reducing  cubic,  the  four 
roots  of  the  equation  a^+qx^+rx+s  =  0,  are 

-vl«^  f  .? _!!+.Jl.  i\  and  +^+  i  -i«?— !L-  I*. 

2-1      2     4^2>/aJ  2^1      24     2Vai 

7.  Prove  that  the  roots  of  Descartes'  reducing  cubic  are  re- 
spectively quadruple  of  the  roots  of  Euler's  reducing  cubic. 

8.  Express  the  roots  of  the  cubic  equation  employed  in  the  process 
of  solving  a  biquadratic  equation  by  Euler's  method,  in  terms  of  the 
roots  of  the  biquadratic. 

9.  Explain  why  the  general  root  of  Euler's  solution  of  a  biquad- 
ratic is  assumed  to  be  entirely  surd,  and  on  what  the  index  of  the  surd 
depends. 

10.  Find  the  roots  of  the  equation 

by  Euler's  method  of  solving  a  biquadratic  equation. 

11.  Shew  that  the  reducing  cubic  in  Euler's  solution  of  a 
biquadratic  equation  will  have  its  roots  real,  except  when  the  original 
equation  has  two  possible  and  two  impossible  roots. 

12.  In  the  solution  of  the  biquadratic  equation  by  the  methods  of 
Descartes  and  Waring,  shew  that  the  product  of  the  roots  of  the 
reducing  cubics  will  be  the  same  in  each  case  if  7f^+4q8  =  0. 

13.  Shew  that  if  3^+iha^+6eix^+4dx+e  can  be  expressed  as  the 
difference  of  two  squares  («*+25.i?+»i)'~(pa?4-j')'> 

then  «i^— 3(?M»+  (4W— *)»»+3«?  -  2hU  -  2iP  =  0. 

14.  Shew  that  the  solution  of  a^+pa^+ArX'\-s  =  0  may  be  made  to 
depend  on  that  of  the  cubic  4^-J-(4p— «)y— (p"*— r*)  =  0  ;  and  if  a,  h^ 
Cf  d  be  the  roots  of  the  given  biquadratic,  the  roots  of  the  auxiliary 
cubic  are  \{ah+cd)y  i(<w+irf),  \{ad'\-hc). 


44 

XXXV. 

1.  Iia,h,e,dhe  the  four  roots  of  the  equation 

^— IKT*— ^^c*— nr-|-«  =  0,  determine  the  equation  whose  roots  shall  be 
respectiyely  the  products  of  erexy  three  roots  of  the  proposed 
^equation. 

2.  If  fly  ii  be  two  roots  of  ^-tj^+q^+r^O ;  shew  that  the  other 

^0  rooU  will  be  -•-+*  ^  {  {^)\^,  }  *• 

8.  If  the  equation  a^+ps^+r^O  and  a^+f4r+i"*0  have  a  conimoa 
-root;  determine  the  equation  which  oonneots  the  coeflSments  ji,  q^  r,  «. 
4.  Xhe  equation  «*— jNr*+f«^l  aO  has  four  real  roots  if 

{'-¥)'-{'-?}' 

he  greater  than  unity,  and  only  two  in  the  contrary  case. 

6.  Determine  the  four  roots  of  the  biquadratic  ^i^-i-iit^x^^^O  hj 
means  of  a  quadratic  equation. 

6.  Determine  the  Ibur  roots  of  the  biquadratic  equation 

7.  Depress  to  a  cubic  the  equation 

8.  Beduce  a^— |»fi^+^4^-r4^+«v*— M*+r«'-9ce^+|Nr-l«0  to  w 
equation  of  four  dimensions. 

9.  Beduce  the  equation 

to  sunple  and  quadratic  equations^  and  find  all  the  nine  roots. 
10.  Shew  that  the  equation 

when  /'+«»*+'•' "  If  can  be  put  into  the  form 


HINTS,  EESULTS,  ETC.,  POR  THE  EXERCISES  ON 
EQUATIONS  OF  THE  THIRD  AND  FOURTH  DEGREE 

I. 

1.  See  Section  VIIL  pp.  1,  2.  The  solution  of  a  quadratic  equation  is  effected^ 
by  making  the  terms  which  inyolye  the  unknown  quantity  a  complete  second 
power.  If  the  terms  involving  the  unknown  quantity  of  a  cubic  or  biquadratic 
equation  be  arranged  on  one  side,  and  the  known  quantity  placed  on  the  other, 
there  is  no  general  method  known  by  which  the  terms  can  be  increased  or  diminished 
so  as  to  become  a  complete  third  power  in-  one  case,  or  a  complete  fourth  power  ii^ 
the  other. 

3.  See  p.  8.  5.  See  p.  8.  7.  See  p.  3. 

II. 

1.  Letfiss=8,  «=4,  x^5;  thenx— 3»0,  a— 4«=0,  «— 5=0, 

and(a;-8)(«-4)(a:-6)=0,  oras*- 12a;'  +  47aJ-60==0,  • 

2.  a;«-6aj'-7a;+60=0.  8.  »»  +  2sB"-23a;-60=0, 

4.  a;«  +  12a;«  + 47a; +60=0.        6.  «• -8a;« -2ic  +  6=0. 

«.  »«-9a;»  +  21aj-6=0.  7.  aj*-8a;*  +  28»-28=0.        8.  a;«-«'»  +  2=0i 

III. 

1.  »«-14a:«+71aj«-164a;+120«0.        2.  »*+14«»+71««  +  154j;+ 120=0.     . 

8.  aj*-27x«+ 14a; +120=0.  4.  a:*-2ac«  +  04fl;'+l,OO»-496=Ow 

5.  a*-12aj»  +  27=0.  6.  «*+4«»-2a:«  +  12ar-16=0. 

7.  a*  +  2aj*  - 16=0.  8,  a;*  -  8»»  +  7»«  -  «  -  2=0. 

9.  ««  +  2a?«-8aJ«+2a;+6«0.  10.  a;*-10a;»+82a;*-34a:+7=0. 
11.  a;*-8a;»  +  24x«-32a;+7=0.              12.  a:*-aj»  +  2a?«0. 

13.  ar»-2aj«  +  4a;«-2aj  +  l=0.  '  14.  »♦ -esB'+lSaj^ -80aj  +  65=0. 

IV. 

1.  Since  5  is  one  of  the  roots,  a; =6  and  a;-  6=0,  and  — Z^Zltzt^Oi 

aj-6 

or  x^  +  5a; + 22=0,  a  quadratic  which  giyes  the  other  two  roots,  aj= J(  -  5+ 1/  -  68)i 

2.  a;s2,  «=3  the  other  two  roots.        8.  x^=^it  ^^^H  ^^'^  other  two  roots.* 

4.  Since   +VS  is   one   root,    -V^   is   another*  then  Qi=  +  ^JB,  x='-\JZ^ 

r,j -  V8=0,  a:+  V3=0,  (x-  VS)(«+  V8)=0.  or  x*  - 8=x0,  then  ?!±?£z^z2^=o, 

or  X  +  8=«0,  .'.  a'=  -  8,  the  third  root. 

5.  »=4.  6.  aj=-2.  7.  a;=7. 

8.  a;=l±V-2.                9.  a:=-l,  aj=-2.  10.  ic=-l±V8. 
11.  a;=2,  a:=-l.              12.  «=$,  «=-2.  18.  a:=-l,  a;=-2. 

14.  a;«4,  »=-8.  16,  aj=»3^  «=2.     .     .  , 

•  « 

1.  The  equation  a;* -8a;>-a;  +  3«>0  Is  the  same  as  a;'(a;-3)-(a;-3)a0,  or 
(«-8)(a;*-l)-0,  .•.4C-8«0andaj«-l«0,;*i  a;*8andaj)-±l. 

2.  a;»-3a;  +  2-0,  or  »»-a:— 2jj+2-0,  or  a;(a;«-l)-2(aj-l)*0, 

or(«-l)(««+»+2)«0,  .'.  «-l»0anda;»+«+2»0. 
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t.  2*«-«-l-0,  or«»-«+aj»-l«0,  oraj(x«-l)  +  (x-l)(x«+«+l)=0, 
or(ar-lX2a5»  +  2a;+l)-0,  .•.  «-l»0,  2a5»  +  2«+l-0. 

11.  (»-6)(««-6x+5)+«-5,  («-5X«»-5x+5)+(«-5)-0, 

or  («  -  6)(a5— 6« + 6)  -  0. 

12.  aK«+lX«+2)-»x8x7=7(7+lK7+2),  an  identity,  .-.  «- 7,  one  of  the  roots. 
19.  The  equation  (a;-8)(x-4)(a;-6Ka;-6)-1.2.8.4 

-(7-6)(7-5)(7-4)(7-8),  an  identical  expveesion : 
.'.  7 18  one  of  the  roots.    Or  tfana, 
Since  the  addition  of  nnity  to  the  prodnet  of  four  oonaecntive  numbers  makes  the 
m  a  complete  square^  .*.  («— 8)(a}— 4)(2-5Ka;~6)  +  l«>1.2.8.4  +  l, 
expanding  and  extracting  the  square  root  of  each  side,  a;*— to+ 19  •  ±  5,  which 

gives  the  four  roots  of  the  equation. 

VI. 

1.  When  two  or  more  equations  have  roots  in  common,  whether  real  arimaginaiy, 
the  equations  inyolve  each  a  common  &ctor  which  will  contain  the  equal  root  or 
roots. 

If  a;*— 8a;*  +  ll9;-9ae0  and  a;*-6sB*+lla;-7»0  contain  a  eommon  root; 
«*  -d£B*-f  llfl;-9  and  a;*  -6«*  +  lla;-7  have  a  common  factor,  which  will  be  found 
to  be  a;- 1,  ,',x- 1=0  and  a;s>l,  the  root  common  to  the  two  equations. 

If  the  two  expressions  have  no  common  factor,  there  is  no  root  common  to  the 
two  equations. 

VII. 

When  an  equation  contains  two  or  three  equal  roots,  the  limiting  equation  will 
always  contain  one  or  two  of  these  roots  respectively,  and  the  given  and  limiting 
equations  involve  a  common  factor. 

1.  The  limiting  equation  of  a;«--7x*  +  iea;-12sO  is  8«*-14«+16=0,  and  the 
expressions  8x*->lia;+16  and  «'-7x*  +  16x-12  have  a  common  factor  which  by 
the  process  described.  Section  V.  pp.  1,  2,  will  be  found  to  be  x-  2,  and  x- 2=0, 
•'•  «8b2,  one  of  the  equal  roots.' 

7.  The  limiting  equation  of  the  biquadratic  »*  -  6«*  +8a;  -  8=0  is 
4x*-12a;+8=0,  or  as* -8a; +2=0,  the  expressions  sb*-8x+2  and  a;«-8a;*+8x— S 
have  a  common  factor,  a;*  -2a;+ 1,  and  x*  -  2a;+ 1=0,  or  (a; - 1)*=0  and  x=l. 

The  given  equation  has  three  roots  each  equal  to  1. 

VIII. 

1.  The  three  roots  a!»  +  l=0  are  1,  J(-.l+V-8),  i(-l-V-3):  and  the 
three  roots  of  «•- 1=0  are  -1,  K^+V-S),  i(l-V-3). 

AUoifa-zi±Vz?,  then-^"^^-^^-^-V■^'^^^V-^ 

2        '  2  2         ^-i  +  ^y-8 

„       1+8  2  1 

2(-l  +  V-8)""-l+V-8"'«' 

2.  The  rootsof  a;*+a:*+a;+1^0ire  -1,  ±V^I:  andofa?*-«*+a;*l=Oaie 

1,  ±v-i. 

8.  aj=l,  aj=2±V«.  *•   -1»  i{2±V-5).  6.  aj=|(:FV5±l)a. 

6.  a;*— 8a;+l=0,  x*  +2a;+l«0  are  the  two  quadratics  which  give  the  four  roots. 

7.  2a:*-6aj«  +  ias«-5a5+2-0,  «*-£K*+2a;«-5aj+l-0, 

2  2 

(«*+2««  +  l)-5a<««  +  l)«0,  (««+l)«-5aK««+l)-0,  (»• +  !)(«• +  1- 5?) -0, 
<■  2  \  2  f 

•%  as«+l«0|  a;>-^+le-0,  are  the  two  quadratics  Cvr  finding  the  four  roots. 
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•.  »»+2i.-*+2«+l*0,  «r(«»  +  l)+2aK««  +  l)-0,  or 
(«+l)(ar*+af«-a:«+»+l)-0;  .".  a;+l-0,  anda;«+a;*— a;*+a;+l«0,  or 

(s*+l)*+iK«'+l)»a«^aq1udtatie,lh>m  which  a;«  +  l+-..±^^. 

11.  «»+2»*+8aj»  +  8aj«+2aj+l«0,  or{a;«  +  l)+2sB(«*  +  l)  +  3aj«(«+l)-»0,  op 
(»+l)(aB*+»»+2a5«+«+l)-0,  .•.  aj+l-Oanda:--l,andaj*+as»+2a:*+a5-H«0, 

Let  09+^  "^  theii«*+s+l"0. 

13.  The  fiTO  loots  are  -1,  i(3±>/5),  i(10±>/857). 
le.  ««-8«»+(te«-6aj«+8«-l=0,  or (aj«-l)(»*-8aj«+te«-8a5+l)=aO, 

.'.  JB*-1«0  and  «*-8a«  +  CfcB«-8«+l»0, 


IX. 

Of  the  eqaations  nnder  this  number  each  contains  at  least  one  root  +1  or  -l, 
which  is  rendered  possible  by  certain  relations  between  the  coefficients  of  the  terms 
of  the  equations.    See  Section  lY.  pp.  28,  24. 

1.  The  equation  a;*  +  3a;*  +  9a;— 13=0  has  the  algebraical  som  of  its  coefficients 
with  their  proper  signs  eqnal  to  zero.    In  this  case  z*+9x^  +  9x-lS  is  divisible  by 

«-l,andif  «-l»0,  5!±^^!±^:iy=0,   or  a;»  +  4»+18=0   is  the   qnadratio 

aj-1 

which  contains  the  other  two  roots. 

6.  x*—9sB*  + 280! -15=0.      Here   l>9  +  23-15=0,  and  os-l  is   a  divisor  of 

a5»-9aj«+28a;-16,  then5ll^l±|?^=:15=0,  ora!«-8a;+16«0. 

0.  7x*  +  6x*+x+Z=0,  in  which  the  snm  of  the  first  and  third  coefficients  is 
equal  to  the  som  of  the  second  and  foorthy  or  74-1=5+8,  and  o;+l  is  a  diyisor ;  if 

a;+l»0,  ^E!±i^!±£±§=0,  or  7a;«-2x+8»0,  a  qnidtatie  which  contains  the 
»+l 

other  two  roots. 

18.  sr« + 18a;* +83o;*+31o;+ 10=0.    Here  1+88+10=18  +  81,  and  x+1  is  a 

diTisor. 

If»+1=.0.  «*+lte»+8te«+81«+10„o^  «r««+iair«+21«+10-0. 

a;+l 
And  since  1+21^12+10  in  the  equation  a;*+12a;*+21a;+10=0»  x+1  is  a 

divisor,  and  if  a;+l=0,  «Ma2«^+21«+10^^^   or  aj*+lla;+10=0. 

»+l 

And  agsin  since  1 + 10=11  in  the  equation  a;<  +  lla;+ 10=0,  a; + 1  is  a  divisor, 
andifa!+l=0,5l±ll^±i2=0,  or«+10=0. 

OB+l 

The  equation  is  (o;+l)*(o;+10)=0,  which  has  one  root  -10,  and  three  roots 
eaeh  -1. 

14.  a;«-fo*-5a;*+4fo-86=0.    Here  1  -  5  ~  5  +  45  -  86=0,  os-1  is  a  divisor ; 

if  »- 1=0,  then  g^-5a;«-6a;*  +  45a;~86^Q  ^^ ^,  _ 4a;*  -9a; +36=0,  acubic which 

as— 1 
tj  inspeetion  can  be  put  into  the  tana,  a}*(a;-4)-9(o!-4)aBOy  or  (»-4)(«*-9)>«0, 
.*.  «-4=0,  and  a?*  -  9«0,  .*.  a:=4,  »=±8,  and  »»L 
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X. 

(1)  When  the  roots  are  in  arithmetical  progregsion. 

1.  X*  -  16aJ*  +  66a;  -  80=0.     Let  a  -  ft,  o,  a + 6  denote  the  tliree  roots, 

then  -(a-&)-a-(a+6)=«-16,  and  -(a-6)X-aX -(a+*)- -80  ; 

.-.  8a=15  and  a=6,^lso  5(26 -6«)=80;  .'.  ft««=9  aad6=:±8  ; 

.*.  a- 5=5-8^2,  a^b,  «4-ft«"8,  or  2,  5|  8  are  the  three  roots  of  the  eqaation. 

(2)  When  the  roots  are  in  harmonical  progression^ 

1.  x*-l  Ix*  +  86a;  -  86 =0.    Let  a,  b  denote  theTfirst  and  third  roots, 

then  .?—  IB  the  second,  and  a,  -i^,  b,  ynJl  denote  the  three  roots  in  order,. 
a+b  a+b 

and  a+.=^+&«>lL  =86.    Find  a  and  b  from  these  equations. 

a+b  a-hb 

Otherwise  the  given  equation  may  he  transformed  into  one  whose  roots  shall  be 
the  reciprocals  of  the  roots  of  the  given  equation,  and  then  the  roots  of  the  trans- 
formed equation  will  be  in  arithmetical  progression. 

(3)  When  the  roots  are  in  geometrical  progression. 

1,  «* — 7aj+ 14aj  -  8 =0.    Let  ^,  a,  oft  denote  the  roots, 

b 

then  ?+a+a5=c7,  ?Xaxai=8  ora»=8  ;  .'.  a-i2,  and  d-2  and  -  ; 

b  b  A 

therefore  1,  2,  4  are  tiie  roots. 


XL 

1.  See  Art.  10,  p.  12. 

2.  See  Art.  10,  p.  12.     The  lequired  equations  are  y«  -  lly + 20=0 
and  y*  - 1^»  -  6y  +  40=0. 

8.  The  resulting  equations  are  27y»+ 98 -0,  and  y*+»2y=0. 
4.  Let  a;=y+tf,  then  the  equation  x*  -  5a;*  +  7«— 12^=0  become* 
y*  +  (3d  -  5)y«  +  (8«'  - 10«  +  7)y + (e»  -  5««  +  7«  - 12)=0, 

and  it  is  required  that  8e*  -  10e+7=0,  whence  e=l  and  -• 

o 

If  «-l,  then  y»  -2y«-|-2=0.    If  c=?,  then  27y»  +  64y*  -275=0. 

8 

(2)  Let'a;=y  ^tf,  then  the  equation  i*  -  12a;*  +  80a;«  -  16a;+48»0  becomes 

y*  +  (4«  -  12)y»  +  (6««  -  86«  +  30)y«  +  (4e*  -86«*  +  60«  -  16)y 

+  («^  -  12e» +80<« -16«+48)-a 

Here  6s' -'86e+80B0,  and  «->5  and  1. 

Ifs=l,  then  y*-8y»  +  12y+ 61-0.     If <j-6,  y*+8y»-116y-162«0.  . 

18.  First  find  the  roots  of  the  given  equation,  next  form  the  equations  whoea  I 

roots  shall  be  increased  and  diminished  by  the  given  numbers. 


XIL 
These  ezereiMs. are  subject  to' the  general  method,  of  which  an  czam^e  is  given  in 
the  note^  p.  7. .  When  the  coefficient  of  the  highest  power  of  the  unknown  quantity 
is  greater  than  unity,  let  the  equation  be  transformed  into  another  having  unity  for 
the  coeiBcient  of  theliigheet  powet  of  the  unknown  quantity.  The  number  of  &ab- 
stitutions  may  be  restricted  .1>y  finding  the  superior  and  inferior  limits  of  the  roota 
of  the  given  equation. 
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XIIL 

1.  l>»-23.  2.  >*-8pg+8r.  Z.  p*^ip*q-ipr-¥2^. 

4.  g*  " ^J^  5.  g*-8pyr+8r«  ^    g^ ^ 4py «r + 9p*r*  +  2i>r • 

7.  i>+l  8.   (p*  +€)  -  2(g+^).  9.  i^-r. 

18.  ?llir.  14.  ?L±il±ri±i. 

_(«-  ft)<(6+c)>(c  •irtt)»  +  (&-c)«(a+£)«(c-K>)»  ^^(c^a)*(g^- ft)«(64-c)» 

(a  +  &)«(6+<j)*(c+a)* 

3(a«+»*)(6«+c«)(c»  +  o»)  +  2{a»d»  +  a»c»  +  6«c«+«&<a»+&«+c«)-2oft< 
^ +c)(a>+ck;+tc)  -  8aft<?]}  -  24tf«^*c* 

(o+6)«(6+<j)*(c+a)« 

+  c»)  -  4a^c(a +b+ c){db + ae  +be)  +  12a*b*c*  -  24a*t«c* 

(a+6)«(6+c)»(c+a)« 

; .        .  — 4<»^a+ft+c)(a5+gc4:6c)-d<|*ftV 

(a+6)«(6+<J>«(c+o)«. 

Bat  since  a+6+eap,  aJ+ac+6c=«g',  oto-r,  .*.  a«+J*+c*«j»*-2j, 
a«6«+a«e«+6V=»g«-2jw,  a»  +  6»+c»=p»-8pg+8r. 

Also  iliiee  (a+6+c)»=a»+ft«  +  c»  +  8(«+J)(5+cXc+«X 
,'.  |>»=s|>»  -  8pg+8r+8(a+6)(6+c)(c+a), 

and  (tf+J)(6+c)(c+«)«*j»y-n  alaoa«M+afc*+&*6*«f*-8r(|»flf«-rX 

' lo+Jl        i5+c$        fc+al 

^8(j>*~2g)(g»-2j>r)  +  2{g«~8;?y+8r*+r(p»--jjpg+8y)}»4|>gr--6r» 

«(y»-2g)r«-(g«-5Spr). 


XIV. 

The  ezerciset  nnder  this  nmnber  reqnire  no  remarks,  as  tbey  may  bt  eflbcfod  ia 
the  same  manner  as  those  nnder  the  preceding  number. 

1.  p^—2q.        2.  p*—Zpq  +  9r.        8.  j>*— 4j>«jr+4pr+2gr»— 4». 

12,  18  are  the  coefficients,  g*— 2j>r+29  and  2g«— r*,  of  the  third  and  feuth 
terms  of  the  equation  which  contains  as  its  roots  the  squares  of  the  roots  of  the  glTsa 
equation. 

14.  p'  —5p*q  +  ip^r-i-Spq*  +  2p*q—5qr-^5p9. 

15.  The  sum  of  the  total  number  Is  60(a  +  fr4-^+<i).    TherooCiof 

a:*-5.x»  +  5fl5«+6«-6=0  are  ±1|  2,  8. 
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XV. 

1.  X* '  18a;'  +  iix-  82  =^0.    Let  a,  2a,  (  denote  tbo  rootf, 
then8a+6-18,  2a«6-82,  a«6-16,  6-18-8a, .-.  8a»-18a«+l«-a, 

or8a»+8-18a«  +  18-0,  or8(o»  +  l)-18(a*-l)-0, 
.-.  {a+l){8(a«-a+l)-18{a-l)}-0,  or  (a+l)(3a«-16a+16)-0;   .'.  a+1-0 
aiid8a«-16a+16-0,  .•.  aiflknown,  and6-18-8«.    The  roots  are  -1,  — 2, +16. 

2.  12aj»  +  18a;*-2(te+4-0,  .•.  aj»+ifa:« -^+J-0.  Let  a,  -d,c  denote  the 
roots,   then  the  algebraical   sum  of  two  roots  a— 6— —  f,  and  — a+6-c— H» 

From  the  equations  a-b^m^^  and  ah=^\  a«f  and  —  2,  and  6=2  and  - }. 
The  three  roots  are  },  ~  2,  |. 

8.  Let  a,  6,  cbethe  roots,  then  a+ 6-18,  but  a+6+c-- 15, .-.  c=-2oii6  of 
the  roots,  and  a5c-80, . *.  (c-iO  and  a+&=Bl3.    Hence  a  and  6  can  be  found. 

4.  The  three  roots  are  -  6,  8, 1. 

5.  The  three  roots  are  8,  4,  6. 
e.  The  rootsare  -2,  -2,  4. 

7.  Let  a,  h,  e  denote  the  roots,  then  a>--+-  or  abe^h-^-e, 

0    e 

8.  If  aj«  +  4a:«-9a;-86«0  have  two  roots  ±a,  then  aj»-4a:*-Oaj+86=sO  haa 
two  roots  qpa ;  . '.  x'  +  4«*  -  9x— 86  and  x*  -  4a:*— 9a;+86  hare  a  common  quadxatic 
factor. 

10.  The  third  root  is  obviously  +8. 

11.  Herea+6+e=^10,  and  a»2&,  &-8c;  .-.  26+5+^6=10,  and6sS. 

12.  I<et  2a,  8a,  6  denote  the  three  roots. 
18.  Let  0,  2a,  8a  denote  the  three  roots. 

14.  a:=8,  «-8  =  0,  and  ^*  ^^*  +  ^J.=x*  -  a;  -  2,  the  quotient  with  a  remainder 

X  —  8 

c-6. 

15.  See  note  pp.  1,  2,  Section  X.  on  polygonal  numbers. 

XVI. 

1.  Let  6,  e  be  the  other  two  roots ;  then  since  a,  ~,  6,  e  are  the  four  roots. 

a 

Let  «*  •\-px+l  —0,  the  quadratic  which  contains  the  roots  a,  -, 

a 

and  {x  >  6)(x— c) = 0  or  a;*  —  (6+(;)a; + 6e  «  0  is  the  quadratic  containing  the  roots  6,  e  ; 
.*.  (x'-f  jM;+l){a;*  -  (6+c)a;+6cl=0iB  an  equation  identical  with  the  proposed  equa- 
tion. 

By  equating  coefficients  of  corresponding  powers  of  x,  it  will  be  found  that  p=:  -  4;  I 

.-.  «»-4aj+l=0  contains  two  of  the  roots,  and  g^-4a;»-f5a!«-lte-f  4^^  I 

or  0*  +  4ss0  ooutaina  the  other  two  roots. 

4.  Since  8  is  the  product  of  two  of  the  roots,  -  4  is  the  product  of  the  other  two. 

Let  a;*-Hiu6-8=0f  a;'+n«+4=0  be  the  two  quadratics  which  contain  the  aamo 
four  roots^  then 

(a5»+«Mr— 8X«*+»«+4)-0,  or  a5*+(m4-«)a;'+(mn  +  l)a;«  +  (4m-8»)x-12=0 
is  an  equation  identical  with  a;^— 7a;'+lla;*  +7a;-  12—0. 

7.  Since  the  four  roots  are  of  the  forms  a±  1,  6±1.  The  equation  formed  with 
these  roots  is 

a:* -(a  +  6)aj«  +  {(a+6)*  +  2(a6- l)}a;«  -  2(a  +  6)(o6-l).^;  +  (a«  - 1)(6« -1)«0, 

which  is  identical  with  x*  -  \0x*  +  85a;>  -  50^-  4  24  -  0. 


51 

/x      h 

8.  Sinoe  the  roots  are  of  the  forms  a,  &,■-,-;  if  the  equation  be  transfonned 

0    a 

into  another  whose  roots  shall  be  the  reciprocals  of  the  roots  of  the  given  equation, 

the  roots  of  the  transformed  equation  will  be  -,  - ,  - ,  - .    Hence  the  two  equations 

a  b    a    b 

will  each  contain  two  roots  in  common. 

9.  Since  a+b^  -1  and  a  +  26v^-l  are  roots  of  the  equation,  a-^v^-l  and 

a-2b^  —1  are  also  the  corresponding  conjugate  roots,  and 

«♦  -  iax^  +  (6a»  +  5b*)x^  -  4(a»  +  10a6«)aj+(a*  +6a«6'  +  4**)  -0 

is  an  equation  identical  with  x*  -  ix*  +  11a;*  -  14a;  + 10  =0. 

10.  a;»a  +  6^/-l,    a;=a-5t/-l;   •"•  (a;-a)-6>/-l=0,  (a;-a)+&|/ -1  =  0; 

.•.  (a;-a— 6v^-l)(a;-a+J|/-l)=0,  or;B«-2aaj  +  (a«  +  ft«)=0, 

a;«-2aa5+(a«  +  6^)  '  ^  ' 

is  the  equation  which  contains  the  other  two  roots. 

11.  Since  a  is  the  sum  of  two  of  the  roots,  from  the  coefficient  of  the  second 
term  it  may  be  inferred  that  a  is  also  the  sum  of  the  other  two  roots. 

12.  If  the  equation  x*  -  3a;'  -  7x^  +  27a;  -18-0  have  two  roots  of  the  form  ±a, 
then  the  equation  x^  +  Zx*  —  7a;« — 27aj  - 18  «  0  has  two  roots  of  the  form  +a. 


XVII. 

These  transformations  offer  some  good  practice  for  acquiring  skill  in  the  process 
of  elimination. 

In  some  cases,  instead  of  the  method  of  elimination,  it  may  be  found  more  con- 
venient to  determine  the  successive  coefficients  in  terms  of  the  roots  of  the  equation. 

1.  Since  a+b+e^^p,   then  a+b-^e^p^Ze,   a-\-c-b=p-2b,   b+e-a=p-2a. 

Assume  y=p  -  2a;,  then  x  s»?JZ]L .    Substitute  this  value  of  x  in  the  given  equation, 

and  '^"^^ — ^^ ~ ^^  ^^yp-'tf) . ^—q  which  when  reduced  becomes 
8  4  2 

y*~i'y*  +  (^~i'')y+(P*  +4pgf+r)=0,  the  equation  whose  roots  are 

a+J^c,  a+e~b,  b+e-a, 

2.  Heroa+6+c«j),  b+e^p-ct,  anda(ft+c)=ap-a*.  Assume y—^wJ- 05'  and 
eliminate  x  between  this  and  the  given  equation. 

8.  Let   y=x^+x.      Eliminate   a;»    and    «*  between   x*  -px^-i-qx—r=0  and 

and  y=x^  -hx,  then  a;=^^      )y+^  ^    Substitute  this  value  of  x  in  the  given  eqna* 

y+P+q+l 

tioD,  and  reduce  it  to  the  ordinary  form. 

CLuC  IT  f 

4.  a^  +  bc^a^-^-  — =a*  +  - ,  assume  y = a;'  +  _  and  eliminate  as  between  this  and 

ax  X 

the  given  equation. 

5.  First  transform  the  given  equation  into  one  whose  roots  shall  be  a*,  &*,  c*, 
next  into  an  equation  whose  roots  shall  be,  first  the  sums,  secondly  the  difference  of 
the  roots  of  the  transformed  equation. 

6.  Here  a-\-b-\-c=p,  b-^-c—p—a,  and  a*(6  +  c)=a«(/?-  a).  Assume  y=px^  ~x\ 
and  eliminate  x  between  this  equation  and  the  given  equation. 

7.  Herea+&  +  c=|>,  abc=r,  a  +  6=p— c,  ab=^,  .-.  aJ(a+J)=i2z£iI. 

c  e 

Assume  y=i£llSr,  then  aj--^!. 
X  y+r 
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cibe 


8.  Here a+ft+a5=a+*  +  c+a5-<j=a+6+c+  — -c=»p+-+c 

c  e 

Assume  y=p+^-x,  and  eliminate. 

X 

a  a  X 

and  eliminate  a;  between  this  and  the  given  equation. 

10.  Herea»+6»=(o+ft)(a«+&«-a6) 

-  |(a+6  +  c)-c].|(a«+6«+«»)-c«-?^] 

Assume  2/=  fp— a)  (2>*  -  2g  — aj*  -  TV  and  eliminate  x, 

11.  Assume  y=x*+x^+x,  and  eliminate  a;^  and  a;'  between  the  equations 
xc^—px^+qx—r^O  and  y«a;*  +a5*  +aj ;  then  find  the  value  of  a;  in  terms  of  y,  and 
substitute  this  value  of  x  in  the  given  equation,  and  the  resulting  equation  in  y 
v/iYL  be  the  equation  required. 

12.  First  transform  the  given  equation  into  one  whose  roots  shall  be  the  sums  of 
-every  two  roots ;  next  transform  this  equation  into  one  whose  roots  shall  be  recipro- 
cals of  the  roots  of  this  equation. 

13.  Since  — =  _-.«—.,  assume  y^--  and  eliminate  x  between  this  and  the  given 

c      c»     c«  a:»  ^ 

^equation. 

14.  Here'*!^-^^'^'''-^^'''^^'''*'^^^"^'-^^''"^)^-^'. 

ha       ah  abe  r 

c 

Assume  y=^  -^jag—a;  ^  ^^^  eliminate  x. 

r 

15.  Transform  the  equation  into  one  whose  roots  are  a*,  &',  c' ;  next  transform 
this  equation  into  one  whose  roots  shall  be  the  reciprocals  of  the  roots ;  thirdly, 
transform  the  last  equation  into  (me  whoee  roots  shall  be  the  sums  of  eveiy  two 
•roots. 


e»  »' 


Let      P'-2g-x',(y'-2g)»'-e'^  ^^  subrtitute. 

16.  Since  a + -  =sa+ ~ ;  assume  y  --a; + ~ ,  then  a; » -OL .    Substitute  this  value 

be         abc  r  r+1 

of  X  in  the  given  equation. 

17.  Hereo«+6«+l-a»+6«+c«  +  4--c4=r«a-2j  +  ?-c«. 

ah  ahc  r 

Assume  y  ^p^ — 2g + - — x*,  and  eliminate. 

r 

18.  Here  a  +  J+c=j?,  .*.  a  +  6— c«^-2c,  and — - — ■— £ — . 

a  +  h—c   p—2c 

Assume  y»    ^^  ,  then  ga   ^^    ;  next  substitute  this  value  of  a;  in  the  snveu 
p-2x  2y+l  ** 

equation. 
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19.  Sincea+6+c»jp,  a+c-^-J,  axida<;-2??;  then     ^^  - !L- 

b  ab+bc   pb-b* 

Aasom&y^ ,  and  eliminate  a;. 

2r 


'~  • 


20 


XVIII. 

I.  The  second  and  third  terms  Vanish  when  lip^-8^=0,  and  the  second  an<£ 
fourth  when  ^r=p(Aq-p^), 

4.  a;»-8aaj«  +  3a«a;-(a»+6)=0. 

7.  |/"  +  2py+tp«+g')y+pjf— r=0:  and  y" -16a;«  + 87a -162=0. 

8.  The  equation  is  y»  +  6gy »  +  7s''y + Sj'*  +  8r« =0. 

9.  Let  y*  -  i^>  +  Qy  -  22=0  denote  the  r^uired  equation.  Find  the  v^ues  of 
Py  Qf  R\xi  terms  of  p,  S',  r,  5 ; 

C  =  (ai+aO(ac+M)+(a&+cd)(a^+6c)+(ac+6(i)(a(i+M 
=(a+6+c+<Q(a^+aW+a«2+6a?)  -  iabcd=:pr  -  4*. 

The  equation  required  is  y*  -  qy^ +{pr-  is)y  -  (p»  -  4q)3 — r*  =0. 

II.  a:+y+a=6,  aj»+y«+«9=14,  «»+2y>+8»«=20,  from  the  second  and  thini 
equations  a5=>/(8+2*),  y=»^{Q-2z^),  substitute  in,  the  first  equation, .  and 
^/(8^-s')^->/(6-22')-f2=6,  which  reduced  becomes  the  biquadratic  equation 
3**  - 123;»+682«  -1322+73=0. 

And  since  the  sums  of  the  positive  and  negative  coefficients  are  equal,  unity  i» 
one  of  the  roots  of  this  equation.     (See  Exercises  under  IX.,  p.  29.) 

12.  Let  the  given  equation  x*  —p^x^  +p^x  - p^=0  be  transformed  into  the  equa» 
tion  x*-^px-i-q=0,  which  wants  the  second  term, 

then  if  a,  (,  c  be  the  roots  of  the  given  equation, 
(i-^Pt  ^^iPt  c  -  ^  are  the  roots  of  the  transformed  equation, 
and  a— 6,  6-c,  c-aare  respectively  equal  to  («— ip)— (&-ip),  (ft-ip)-(«-ipX 

(c-ip)-(a-ip), 
or  the  differences  of  the  roots  of  the  transformed  equation  are  equal  to  the  differenced 
of  the  roots  of  the  given  equation,  and  if  the  equation  x^-i-px-^-q^rsO  bft  transformed 
into  an  equation  whose  roots  are  a~  b,  b^c,  c«-a,  it  will  be  the  equation  required.. 

Her©  (a-ft)«=a«+6»-2ai=a»+6«+c»-?!5!?-c«=-2g+?r-c«. 

c  e 

Similarly  (&— c)»=-2jr+?r— 6«  and  (c-a)'»  =  -2gr+~ -a*  are  the  other  roots. 

b  a 

Lery=— 2g+— — aj*.    Since  aj»+gra:+r=0,  — aj*=sg+-, 
x  X 

/.  ysa — g+r!l^  and  as^..^.    Substitute  tlM3  value  of  x  in  the  given  equation,. 

X  y+q 

and  }  -^  {    4-9  {  _f!L  {  -f  r=0,  which  when  reduced  becomes 

y«-f  6^«+9flr«y+27r"+49»=0,  the  equation  required. 
The  equation  x*-\-qx^+rx'{-8=0,  When  transformed  into  an  equation  whose* 
foots  shall  be  the  squares  of  the  differences  of  ^e  »>otB  of  th^  proposed  equation^ 


■^ 
\ 
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win  be  of  the  sixth  degree,  conBisting  of  seyen  tenm,  and  whose  ooefficientB  involve 
no  less  than  twenty-three  distinct  quantities.  And  it  may  be  noted  that  Waring, 
in  page  86  of  his  "  Meditationes  Algebraicse,"  has  given  the  equation  which  results 
from  transforming  an  equation  of  the  fifth  degree  into  one  whose  roots  are  the 

squares  of  the  differences  of  the  roots  of  the  proposed  equation.  The  resulting 
equation  is  of  the  —  or  the  tentii  degree,  and  consists  of  deren  terms.     Tba 

coefficients  of  x*  and  succeeding  powers  of  the  unknown  quantity  oonsist  of  1|  2, 
3,  5,  7»  10,  18,  16,  18,  19  terms  respectively,  making  a  total  of  only  94. 


ZIX. 

1.  See  Art  8,  pp.  7-9. 

2.  «»-»«+aj=0,  or  aj(aj*-a5+l)a=0,  .•.  x=0,  and  a5«-a5+l«0,  from  which 

^^l±|/~3  ^^  ^^^  ^^j^^  ^^^  ^^  ^  equation  are  0,  H^i/Lzl,  ^"^"^    The 

2  ^22 

expression  "fractional  root"  is  restricted  to  mean  a  roHoncU  firaetion,  not  a  fraction 
involving  an  impossible  quantity. 

8.  If  i^+»yb  be  substituted  for  as  in  the  equation,  the  resulting  equation  will 
oonaiBt  partiy  of  rational  and  portiy  of  inational  quantities.  The  sum  of  the 
ratitmal  parts  and  the  sum  of  the  irrational  parts  are  respectively  equal  to  aero. 
Eliminate  b  between  these  two  equations,  and  tiie  resulting  equation  is  reduced  to 
(a+i>)(a*  +ap+g)=r. 

4.  Since  i{a + t^b)  is  a  root  of  the  equation,  this  value  of  z  satisfies  the  equation, 

which  becomes  on  substitution  ^(a*  +  Za*bk + 8a& +&(*)+ ^  4. ^-f  rs=0.      The   ra- 

2       2 

tional  and   irrational   parts   are   respectively  equal,  .*.  (8a'+&+49)6^>-0,   and 

a«  +  8a5  +  43'a+8r=0,  whence  a* +ag-r=0,  or  since  a;=a, .'.  a5»+ja;-r=0. 

6.  To  shew  that  8a*  -b*=>-q,  substitute  a+ 6>/  - 1  for  x  in  the  equation,  and 
equate  the  rational  and  impossible  parts  each  to  zero. 

6.  The  limiting  equation  of  x*+2qx*  +  irx-'S=0  is  4x*  +  Aqx+ir^0p  or 
as'+gx-f  r=sO.  If  this  limiting  equation  have  two  impossible  roots^  the  given 
equation  has  also  two  impossible  roots.    See  Art*  15,  p.  19. 


XX. 

See  note,  Section  IT.,  p.  6,  on  the  meaning  of  the  words  greatar  than,  and  less 
than,  when  applied  to  negative  numbers. 

1.  For  X,  substitute  successively  If  2,  8,  &c.,  in  the  given  expression. 

2.  The  limiting  equationof  a;*-9a;*+23a;-15=0,  is  S;t*-l&B+23=0,  whose 
roots  are  i(9±2V8)  or  4-168  and  1*846. 

Hence  1'846  lies  between  the  second  and  third  roots  of  the  given  equation  when 
arrsnged  in  decreasing  order  of  magnitude. 

8.  Transform  x'  -6x+28=0  into  an  equation  whose  roots  shall  be  diminished 
by  «•    Assume  y^x  -  e,  then  x=^y + e, 

Mid(y+«)»-6(y+e)  +  23=»0,  ory«  +  8cy«  +  (8«*-6)y+(««-6«+28)=0, 
is  the  transformed  equation,  and  every  value  of  e,  foxmd  by  trial,  which  makes  all 
the  coefficients  of  this  equation  positive,  will  be  greater  than  the  greatest  value  of  x 
in  the  proposed  equation. 

If  e=2,  then  y'  +  6y*  +  6y+19=0,  every  coefficient  of  which  is  positiye,  and  2 
is  greater  tiian  the  greatest  root  of  x*~6x^  +  28=0. 

4.  If  the  altt  mate  signs  of  the  equation  beginning  with  the  second  be  ohangsd« 
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the  Bigns  of  all  the  roots  are  ohtmgtA^  and  the  greatest  negative  root  becomes  the 
least  positive  root,  and  if  this  equation  be  transformed  into  one  whose  roots  are  the 
reciprocals  of  its  roots,  the  least  positive  root  becomes  the  greatest  positive  root  of 
this  last  equation. 

5.  If  the  equation  be  transformed  into  another  whose  roots  shall  be  the  re- 
ciprocals of  the  roots  of  the  proposed  equation,  the  least  positive  root  of  the  proposed 
equation  becomes  the  greatest  positive  root  of  the  transformed  equation. 

6.  If  the  signs  of  the  alternate  terms  of  this  equation  be  changed,  beginning  with 
the  second,  the  signs  of  the  roots  are  changed,  and  the  least  negative  root  in  the 
given  equation  becomes  the  greatest  positive  root  in  the  transformed  equation. 

12.  Ifaj:=l,  »*-4a;»+ll=8 

«=8,      „      „       =-6 

«=*»      ,f      ,f       =  +  11. 
One  root  lies  between  1  and  2  ;  and  another  between  8  and  4. 
18.  Whena;«10,  then  10 »- 17. 10* +54. 10 -860 -+1540-2060 «- 610. 
a:-20,  20>-17.20« +54.20-850= +9080-7150- +  1980. 

One  root  lies  between  10  and  20,  and  the  first  figure  of  that  root  is  + 1. 
14.  Whenaj-2,  then  2*  +  8.2»  +  2.2«  +  6.2-148-60-]48= -88. 
a;-8,  3*  +  8.8"+2.8«+6.3-148«198-148-+50. 

.*.  One  root  lies  between  2  and  8,  and  its  first  figure  is  2. 

XXI. 

2.  Theequation  4a;*-12aa;'-4a^a;+12a*3  0  contains  two  of  the  three  equal 
roots,  and  Ox*  —  12aa;—S^^  o»0  contains  one  of  them. 

8.  The  roots  of  the  biquadratic  found  by  the  method  of  divisors  are  1,  2,  8,  4. 
The  limiting  equation  is  2a;*  -  15a;*  +  85a;  -  25 — 0. 

4.  The  limiting  equation  of  x*  -p^x^  ■{■p^x—Pf=^0  is  Sa'  — 2pia;+^4=0,  wliich 
gives  the  roots  x»Upi±{p^  -'Zp^)ij  ;  if  ^,  be  positive  and  pf  be  less  than  8j9„ 

the  roots  are  both  impossible. 

Hence  the  cubic  equation  x*  -PiX^  -bp^x—p^^O  will  have  a  conjugate  pair  of 
impossible  roots,  when  that  relation  exists. 

5.  The  derived  functions  of  the  equation 

aj*-2a;»  +  10aj-8-0;  if  a;=2,  thenas*-2a;»  +  10aj-8«+17, 
are2aj*-8a;*+5,  2a;»-8aj«  +  5-+d, 

3a;«-8»,  8aj«-8ic-+6, 

2a;-l,  2aj-l-+3. 

Since  a;— 2  renders  the  three  derived  functions  and  the  given  equation  positive, 
2  is  greater  than  the  greatest  root. 

XXII. 

See  the  examples  by  the  method  of  Cardan  in  the  Note  p.  19.  In  the  examples 
which  contain  the  second  power  of  the  unknown  quantity,  the  term  involving  this 
power  must  first  be  removed. 

XXIII. 
See  the  examples  worked  out  by  those  methods  in  the  Notes  pp.  21,  22,  23. 

XXIV. 

See  the  example  worked  out  in  the  Note  p.  26. 

1.  One  root  between  2  and  8.        2.  One  root  between  10  and  11. 
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5.  Que  root  between  2  and  8.        6.  One  root  between  2  and  8. 
7.  One  root  between  0  and  1.        9.  Two  real  rootSy  find  the  greater. 
10.  One  root  lies  between  4  and  5. 

XXV. 

1.  9x^  -  2pa;+ j»0  ia  the  limiting  equation  of  z*  ~pz*  +73;-  r=0. 

The  third  root  ie^^-^*"^^ 

2.  Subtract  the  second  from  the  first  equation  and  there  results 

(p— j/)«*  +  {q-  g^)x + (r  -  r')  as  0,  a  quadratic  equation.     See  Art.  1,  Section  VIIL 

4.  Let  a,  -,  m  denote  the  three  roots  of  the  equation, 

a 

thena+l+m=-,  l+w(a+l)-f,    a.lm.--. 
«  a  \      Of     a         a         a 

Eliminate  a+-,  and  «i»£^. 
a  0  — a 

10.  The  equation  whose  roots  are  a,  &,  c 

is  «» —(a +&+ c)*' +  (oi + oc  +  tc)jc  -  oJc  «  0. 
From  the  equation  x^ -p 2a;+ 92*0,  I'll- &+C,  qj^bc, 

x^  -p^x+q^  =  0,  p^'ma  +  6,  q^^ac, 

x^  -p^x  +  q^^O,  Pj—a  +  6,  g,«sa5. 
Hence  2{a+6+c)-i?,+i»^+i?„  .'.  a+6+c-i(pj+;?2 +-?•)» 

a«&*c««y,5ragr,,  /.  (Ufciq^q^q^)^. 
.'.  Making  the  substitutions 

85' - lO?! +;?a +p,)a?» +  fe, +9^2 +  g,)aj- to,g'.5',)»=0. 

11.  Eliminating  x'  between  the  second  and  third  equations,  {q  -  t)x'^  +  (r — 9)jes0; 
from  which  j=r. 

Eliminating  x'  between  the  first  and  second  equation, 

tp-3')a;«+(g-r)a;+(r— ^)=0,  but  <?=r,  .'.  (i?-y)aj*+to-l>)=0,  andi7^==^, 
•*•  i'y  S'f  ^  lU'o  equal  to  one  another,  and  jp'  +r*=2p7.     If  a  be  the  given  root,  the 
equation  x*  +iX£'  +j%c+|'=0  can  be  depressed,  and  the  other  two  roots  determined. 

12.  ax*+te  +  c=0,  6a:«+ca;+a=0,  ex*  +  ax +5=0,  adding  the  equations 
(a+6  +  c)a;«  +  (a+6+c)x+(a-f  6  +  c)=0,   .'.  (a+5+c)(x»+x+l)=0, 

and .'.  a+ft+c=0,  alsoa  +  d=-c, 
.«,  -.c»  =  (a+6)»=a»  +  6»  +  8a5(a  +  6)--=a»  +  5»-3aic,  .*.  rt»+ft«  +  c»=3rtft(r. 

From  the  first  and  second  equation,  x=  ^""^  : 

from  the  second  and  third,  x—^!^— —  ;  and  from  the  first  and  third,  .v^^I^ILL  ; 

aJb—c'^  be— a* 

Also  a,  5,  care  so  related  that  a  +  6+c=0,  whence  it  may  be  shown  that  the 
three  yalues  of  x  are  equal  to  each  other. 

18,  The  limiting  equation  of  aj»  +  3i?x»  +  3gx  +  r=0  is  8j;«+6pj;  +  3^=0,  or 
a;*+2jW5+g=0,  and  x=— |>±(p'— y)*,  the  values  of  x  in  the  limiting  equation, 
which  will  be  impossible  if  9  be  greater  than  ^'.  Hence  in  this  case  the  proposed 
equation  has  a  pair  of  impossible  roots. 

li.  Since  a,  a,  0  aro  roots  of  x»  +  3/?x*+}x+r=0,  2a+c=3j?,  a*  +  2a«=sy, 
a'^c^r^  and  a,  c,  earo  roots  of  x'  +  8;i7iX'+jiX+rj=0,   2c+a=«8p,,  c«+2ac=jj> 

Then  a*e*»rri,  and  ac=(rri)*,  ;aa(a+2c)=sdpa,  yi=c(c+2a)=8pei 
.%  J!Rp,ac=yg.,  andac=^,  .-.  ^-(rr,)». 
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Subtracting  the  second  equation  from  the  first,  8(2?  -p  i).^«  +  to  -  f  Jic + (r  -  r ,)«0, 
a  quadratic  equation. 

1.  Each  equation  is  reducible  to  «»  -  18a:«  -  225;c— 666=0. 

3.  a=. -9,  &-86,  C—-60. 

4.  Sincea--34->/8,  .'.  alsoa;— S-V^i  andsc'-6a;+l»0, 

hntx»+px^+qx+rm,0,  /.  ^!iJ?El±2Ltr=0, 

.'.  a;+OpH-6)-0,  (6p  +  86+g-l)a!+(r-p-6)-0,  from  wliich  a5» -r. 

^.  The  third  root  is  ~,  if  i»+c»-a«c  +  a6«-0. 

a 

m 

XXVII. 

8.  Here pq^r,  this  equation  beoomes  a:*  - jxb*  +  gw -|;g ■■  0, 

or  aj*  (aj  -  J)) + ^(»— 1?) = 0,  or  (a;  —i))(a;*  +  g). 

If  a,  6,  e  denote  the  roots  of  x*  —px^  +qx^r^O,  it  may  be  noted  that 
since  PQ'^r,  {a+b-h e)(db +ac+b)^ abc,  from  which  may  be  deduced 
(a  +  b)(b  +  c){c  +  a)^0. 

4.  One  of  the  roots  of  a:*  -  ix"  +  6a;  -  3  »  0  is  + 1.  See  Exercises  IX.  p.  29.  The 
other  two  roots  are  J(3±  v'  -  3). 

or 

6.  Let  -•z,  then  the  equation  becomes  s'  +pz^  -^qz+rmO,  it  p,  g,  r  be  put  for 

y 

h    c    d 
— I  — I  — . 

a    a    a 

9.  Here  (^"  +  aa; + m) (a;«  ■\-bx+ m){x^  +  ca + ??i) 

«a;«  +  (a + 6  +  c)a;«  +  (8m + a* + oc  +  Jc)a;*  +  {  2(a  +  J  +  c)w  +  a5c  f  «> 

+  {06 + oc  +  Jc + SotIwkb' +  (a  +  6 + c)m'a; + m». 

a+6  +  c-O,  .'.  o«+&«+c»«»-2(aA+«c+Jc)»6m,  .'.  a6+oc  +  ftc  +  8m»0. 
Henoe  x«  +  o^esc*  +  m*.     To  solre  this  equation,  x^  -  20a;*  +  843  »0. 
Let  a;^  ""y,  then  the  equation  is  reduced  to  a  cubic  y*  —  20y  +  343  aO. 

10.  B}'  reducing  the  equation  and  arranging  the  terms  according  to  the 
descending  powers  of  x,  a, +0, +^,  +  04  is  the  coefiEicient  of  a;',  and  since 
a, +a, +a, +a4'"0,  a, +««■■ -(aa  +  a4),  and  by  means  of  this  relation  the  co- 

^  efficient  of  x^  can  be  reduced  to  ayb^+a^b^+a^b^  +  aj)^s=%  and  the  equation  is 
thereby  reduced  to  one  of  the  first  degree,  which  admits  of  only  one  value  of  x, 

n.  Sinceiry(a;+y)+a»(a;+2)+y2(y+a)«i(a;  +  y+2)(a7+ax+y2)-8ay2, 
And  xy{x^  +  y«)  +  xz{x*  +  2« )  +  y2(y*  +  «*)  =  (aj«  +  y '  +  z^){xy + xs  +  ys)  -  xifz(x + y + 2). 

The  second  and  third  equations  by  substitution  become 

(a; + y'\'z){xy  4-  as  +  yz) — 8a;y« — 168, 
and  (a;*  +  y «  +  z^){xy + as + ys)  -  ary2(aj + y  +  sj)  =  638. 

Then  by  substitution  and  reduction  f(a;  +  y + z) '  +  |}(a; + y + 2)  *■  62 + ^^,  whence 
^+y+2  is  hnown,  also  xyz  and  a^+as;+y2.  Hence  the  solution  is  reduced 
to  a  well-known  form  by  putting  a:+y+2-»^,  ary+aK+yz—g,  xyz':'ry  and  then 
eliminating  two  of  the  unknown  quantities  y,  z,  the  resulting  equation  is  a  cubic, 
^'.—px^  +  gx  -  r  ■■  0. 

12.  Iieta:,  y, «  denote  the  edges,  then  2(a;y  +  a?s  +  y2)»22,  (a'»+y*+««)*—v^l4, 
xyz^S.  Eliminating  y  and  2,  2^-62*  +llx-6«0,  from  which  2  will  be  found  to 
be  1,  2,  3  lineal  inches  respectively.  Also  x  and  y  can  be  found  when  the  value  of 
ieis  known. 

18.  The  criterion  required  for  Cardan's  rule  to  be  applicable  is^  that !—  be  greater 
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than^;  in  this  case,  tliat  ggjf>!  be  greater  than  («'  +  ft'  +  ^^)' ;  bat  <gg^!i 
27  i  ^  27  4 

leas  than  *^     —       ^    obvioosly,  and  consequently,  the  three  roots  of  the  equation 

z*'(a*  +  b*+c^)x-2abc»0  are  possible,  two  of  which  are  negative  and  one  posi- 
tire.  If  a,  &,  e  be  supposed  to  be  1,  2,  3  respectively,  the  equation  becomes 
x*—lix-12wm0,  which  has  all  its  roots  real,  and  they  lie  between  0  and  —1, 
—3  and  —4,  4  and  6 ;  and  will  be  found  to  be  —  '911,  -  8*201,  4*118  respectively. 
This  problem  occurs  in  Newton's  Universal  Arithmetic,  Cap.  1,  Sect  4,  of 
which  he  has  given  several  solutions.  The  following  one  is  taken  as  an  illustration. 
Let  ABf  BCj  CD  denote  three  consecutive  arcs  of  a  semicircle,  of  which  AD  Lb  th» 
diameter.  Join  AC,  BD.  Then  A  BCD  is  a  quadrilateral  inscribed  in  a  circle^  and 
AC,  BD  are  the  diagonals. 

Then  by  Euc.  YI.  D.  ACxBD'^ABxCD  +  ADxBC,  Let  AB^ti,  BC^^h, 
CD'^c,  AD^x, 

.-.  ^/(aj«— c9)X>/(a5«— a«)-atf+te, 

and  oj* —a'^x'^  —c'^x'^  +  a'^t*  —  a«c«  +  2abcx + 6«a;', 

al80»*-(a*+ft»+c*)a«— 2rt5ca;-0,  .•.  aj®— (a«+6«+c«)a?— 2aJc»0. 

XXVIIL 

2.  Since  the  equations  have  two  roots  in  common,  each  involves  the  8am» 
quadratic  factor. 

&  The  limiting   equation   of   a:^+ra;+s=0   is   4as'+r:=0.     The   expressions 
x^-^-rx+a  and  4a;'  +  r  have  a  common  factor,  and  the  remainder  is  equal  to  zeio. 

4.  Let  o^  h  denote  the  equal  roots,  then  (as— a)*(a;— ()'=0,  or 
a5*-2(a+&)aj»  +  (a«  +  4ai  +  6«)aj"— 2a6(a  +  6)aj+o«M=0,  is   an    equation  identical 
with  x^—px*+qx—rx+8=0.    The  values  of  a  and  h  may  be  found  in  terms  of  any 
two  of  the  four  coefficients  p,  q,  r,  s. 

6.  If  there  be  equal  roots  in  the  equation,  its  limiting  equation  will  contain  one 
or  more  of  them,  and  it  will  be  found  that  x*-\-ldx*+Z3x*  +  Zlx-\-10  and 
4a;*  +  39a;* +609? +81  have  a  common  quadratic  factor  a;*  +  2a;+l,  which  indicates 
that  the  given  equation  contains  three  equal  roots,  each  equal  to  -1,  the  fourth 
root  being  — 10. 

It  may  be  remarked  that  since  the  sum  of  the  coefficients  of  the  odd  tenns  ii  equal 
to  the  sum  of  the  coefficients  of  the  even  terms,  the  equation  may  be  otherwise 
solved. 

XXIX. 

2.  Obviously,  x  is  one  of  the  factors.  Removing  this  factor^  and  let 
a;^— 5a;* +  4=0.  This  is  a  quadratic  equation  of  which  the  roots  are  ±1  and  ±2, 
then  «=0,  as— 1=0,  a;+l=0,  a;-2=0,  a;+2=0, 

.'.  aj(a;-lXa:+l)(a;— 2)(a5+2)=a;«— 6a;"+4a; 
.'.  X,  x—1,  x+1,  a;— 2,  x+2  are  the  factors  of  x^—Sx^  +  ix, 
8.  If  9=r+l,  g-  l=r,  and  the  equation  can  be  put  into  the  form 

:B*  +  2«»+a;«  +  (g-l)a;*+ra;+»=0,  or 
(»•  +a;)'  +r(a;"  +3?)  +5=0,  a  quadratic  equation. 

4.  Add  1  to  each  side,  then 

(aj+l)(a;+2)(«+8)(a;+4)  +  l=(a;+l)«  +  (a;  +  2)»  +  (a;+8)*+(aj+4)»+l, 

or(a;*+5a;+5)«=4(a;«  +  6a;+5)  +  ll. 

5.  First  find  the  roots  common  to  the  first  and  second  equation,  next  those 
which  are  common  to  the  first  and  third ;  and  it  will  be  found  that  1,  2,  8,  4  are 
the  roots  of  the  biquadratio. 
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XXX. 

1.  When  the  snm  of  two  of  the  roots  in  equal  to  the  som  of  the  other  two,  then 
P*  "  ^P9 + 8r»0,  and  when  the  prodnct  of  two  roots  is  eqnal  to  the  prodnct  of  the  other 
two,  p'fssf «.     In  both  cases  the  biquadratic  can  be  solved  by  a  quadratic. 

2.  The  first  equation  can  be  reduced  to  {x^  -  axy~2b^(z^  -  a«)=a*&^,  and  the 
second  equation  to  2a;^  +  Sz*  -  14a;"  -  iix^  +  8a;=0. 

7.  When  «♦  ^qx*  -rz-sia  divided  by  a;* + aa?+ ^  the  quotient  is 
«•— aaj+a»-J— y,  and  the  remainder  is  ^{a*'-2ab-qa+r)z-b{a*'-h-q)-$. 

If  «'+  aa; + 6  be  one  quadratic  factor  oTx*-  qx*  -rz-a,  then  must 
x^-az+a^-b—q  be  the  other;  and  the  two  terms  of  which  the  remainder  is 
composed  must  be  respectively  equal  to  zero. 

And  then  a* — {2b ■{-  q)a + r^O,  and  h{a^  -b-q)-  5=0.  When  a  is  elimiuated, 
the  resulting  equation  becomes  a  cubic  involving  b  with  q,  r,  «. 


XXXI. 

1.  When  a  reciprocal  equation  is  of  an  odd  number  of  dimensions,  it  has  at  least 
one  root,  +1  or  —1. 

2.  (1)  Let  aj'  -px*  +ga»  -  qz^  +^—1=0  be  a  recurring  equation  of  five  dimen- 
sions. 

It  may  be  put  into  the  form  (a;»-l)-i»:(a;»-l)+ga;»(«-l)=0,  .•.  a— 1=0, 
and  xbI,  one  of  the  roots,  and  the  equation  when  depressed  becomes 

SB*— tp— l)aj"+te-i>  +  l)a5"-(p— l)a5+l=»0;  divide  each  term  by  x*, 

...  a:«-.(i»-l)«+te-^+l)-(|,-.l).l+JL=0, 

z    z* 

and  (aj-+2+-LKo>-l)/aj+lW2-g+i)-l=i>-g+l. 
Let  z  +  -=Sf  itienz*''(p-l)z=p-q  +  l,  a  quadratic  by  means  of  which  the 

X 

other  roots  can  be  determined. 

(2)  Let  as*  -pz^  +gx*— ra?"  +  qz*  — itt;+l=0,  a  recurring  equation  of  six  dimen- 
sions. 

Divide  each  term  by  a?*,  then  aj*  -pz^  +ffa;— r+g.--i>.-~+— =0, 

X       X*    aj» 

or(«.+^)-,(««+^)+5(«+l)-r=0. 

Ill 

Let  z +-=z,  then  x*  +  — =2*  -  2,  a:*  +  —  =«•  -  Zz ;  make  the  substitutions, 

X  z*  x^ 

.•.  2»  -  jw'  +  {q-Z)z-  (2p +r)=0,  an  equation  of  three  dimensions. 

6.  Herea;«+a;«  +  l=-(ar»  +  a;),  and  (a;»+aj»  +  l)«=(aj»+a;)»,  whence 

a;'  +  »•  +  aj* + aj*  + 1 =0,  let  as"  =y,  then  y*  +  y' + y'  +  y + 1  =0  is  the  equation  whose 
roots  are  the  squares  of  the  roots  of  the  given  equation.  It  is  obvious  tbat  the  two 
equations  are  identical,  and  that  the  four  roots  of  the  transformed  equation  may  be 
shewn  to  be  equal  to  the  squares  of  the  four  roots  respectively  of  the  given  equation. 

0.  Form  the  equation  whose  roots  shall  be  a,  -,&,..,    and    shew    that    it   is 

a       b 

identical  with  the  given  equation  when  the  latter  is  redaced  to  the  form 

x4_g(g±l).^».(g'+i>'  +  l).:e«-yJg±lla;+l=0. 
fl  Q  9 

7.  Let  the  roots  be  increased  by  e ;  assume  y=a;+«,  x—y^e, 

then  If*  -4(tf-l)y»  +  6«(c-2)y»  -8(e«-l)y+{d*  -  4<j»  +  8«-  4)=0  is  the  transformed 
equation.    And  ia  order  tbat  this  equation  may  become  a  reciprocal  equation,  thfi 
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coefficients  of  the  first  and  last  terms,  as  also  the  coefficients  of  the  second  and  last 
term  bat  one,  mnst  be  eqoal ;  that  is  4{6  - 1)~8(0*  - 1),  and  6^^4e*-h  8e—  i^l. 

From  4(«-l)=8(e*-l),  2c*— «— 1=0,  and  e=l,  «=-J,  the  former  value 
satisfies  the  equation  «^— 4c* +86—4=0.  Lastly,  substituting  €=1  in  the  trans- 
formed equation,  then  y*  -  6y^  +1=0  is  the  required  reciprocal  equation,  whose  roots 
can  be  found  by  a  quadratic,  also  the  roots  of  the  given  equation. 

8.  The  equation  can  be  reduced  to  the  form  x*  -  imx*  +  6m'a;*  -  4m'x+m^=0. 

9.  The  sum  of  the  squares  of  the  roots  of  the  equation  z^  +jkb*  +  qx*  +2JX +1=0 
is  p*  —  2g.    Neit  divide  the  equation  by  a;*, 

thena;«+Mj+a+ii.-  +  -l.=0,  and  x*  +  2+—+p(x+-\+q—2^0. 

XX'*  »*        \       xf 

If  fl? + - =2,  then  z*  +|7z=2  -  g  is  the  reducing  quadratic. 

X 

Let  «j,  2,  denote  the  roots  of  this  equation. 
Then«,«+»,«=  j_|  +  V(il^'  +  2-y)p+  j  -l-Vdi^'+S-ff)  j  * 

-^-W(iP*+2-j)+^+2-ir+^+WaP*+2-(?)+^^  +  2-j 

4  «  4  .  4 

=i)«-2g+4 
.•.Cp«-2g^+4)-0?»-2g)=4. 

XXXII. 

1.  (1)  When  the  roots  of  x*  ^^px*  +$a;— r=0  are  in  arithmetical  progression. 
Let  the  three  roots  be  denoted  by  a -(2,  a,  a+d, 

Thena-<2+a  +  a+<2=|7,  a(a— d)  +  (<»-cO(a+£Q  +  a(a+(0=j',  a(a+d){a-d)=r, 
OT  da=p,  3a»-(i«=g,  a{a^'d^)='r. 

a=?,  ^'d^^q,  and  d«=^-^;  also^  j^-d*  I  =r,  and(i«=L*_?r. 
88  ^  8  8J9  )  9     p 

Hence  equating  the  values  of  rf',  ■?_-  g=:^  _  _, 

and  2p*  -  9py  +  27r=0,  the  relation  required. 

(2)  When  the  roots  of  a;'  -px^  +qx—r=0  are  in  harmonical  progression. 

For  X  write  -,  then  the  given  equation  becomes  y'  — i?L  +^_  i=0,  which  is  an 
y  r       r     r 

equation  whose  roots  are  in  arithmetical  progression,  and  the  relation  between  the 

roots  will  be  found  to  be  2q*  -9pqr+27r*=0. 

(3)  When  the  roots  of  «■  -px^  -^qx-  r=0  are  in  geometrical  progressior. 
Let  a,  ab,  ab^  denote  the  roots  of  the  equation, 

thena+a6+ad*=|?,  a«6+a«6«+a«6»=g,  a^b*=r, 

...  ^'y+^^+^'Lg,  or  ad=?,  and  a»6»=L',  but  a»6»=r, 
a<l  +  ft+6»)     p'  p'  !>»' 

.',  3L  =r,  or  g-^  -  p'r=0  is  the  required  relation. 

It  is  also  obvious  that  r^s^etb,  the  middle  root 
Also  the  relations  which  subsist  between  p,  q,  r,  $,  in  »♦— |>aj*  +g'«'  -ra?+s=0, 

an  equation  of  the  fourth  degree,  may  be  found  by  the  same  process  when  the  roots 

are  in  arithmetica],  harmonica],  and  geometrical  progression. 

The  solution  of  cubic  equations  whose  roots  are  in  harmonical  progression  may  be 

effected  in  two  ways,  (1)  by  transforming  the  given  equation  into  one  whoso  rootj 

shall  be  in  arithmetical  progression,  or  by  assuming  three  quantities  a,  . ,  e,  in 

a-¥c 

harmonical  progression  to  denote  the  roots. 
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4.  U  ai^a,  a^^a-bh,  a^^a+^t  a^=^a+Zb,  the  gWen  etxnation  aasames  by 
substitation  the  form 

JB*  +  (4a+ 66)JB»  +  (6a«  +  18a5  +  116«)aj«  +  (4a»  +  18a'6  +  22a6*  +  66»)x 

The  left  aide  of  this  equation  will  become  a  complete  square  by  the  addition  of 
h^.    Let  M  be  added  to  each  side,  and  let  the  square  root  of  each  side  be  extracted. 

thena;«  +  (2a  +  86)a;+(a«+3a5  +  6*)=±V{«^+ft*)» 
■from  these  quadratics  the  four  roots  can  be  found. 

This  method  may  be  illustrated  by  the  solution  of  the  equations 

(a;+4)(a;  +  6)(a;  +  8)(a:+10)=48,  and  (aj+8)(a:  +  7)(a;+ll)(a;  +  16)=644. 
See  example  2,  under  Exercise  VIL,  p.  22  of  Section  VI. 

5.  Since  the  roots  of  x*  —px^  ■{■qx-  r=0  are  in  harmonica!  progression. 

Let ~f  -, denote  the  three  rootsL 

a— 6    a    a+b 

then  ^» the  sum  of  the  reciprocals  of  the  roots  ==» -h+a-ha+ &ss8a, 
r 

1  8r  ^T 

,*,  -  the  middle  root  =— .     Let  a:  =— ,  or  oaj-8r=0 

a  a  a 

then^lz^!±?^Zi:=0. 
qx  -  8r 

or  9'a5*  -{pq- ^r)qx-\r  (g* — S^jgr + 9r*)=0  is  the  equation  which  contains  the  roots 

1  1 

«-ft*  a+h' 

9.  Since  the  roots  of  the  given  equation  are  in  harmonical  progressiony 

for  x  substitute  -,  then  the  equation  becomes 

y 

y^  +^  +^  +^~^»  whose  roots  are  in  arithmetical  progression. 
d       d      d 

Let  x-k-Zy^  x-^-y,  x-y,  x-Zy  denote  the  roots  of  this  equation, 

then4aj=f,  6a;«-10y«=^,  4a;» -20a;y«=0,  aj^-lOajV+^V^^?, 
d  d  d 

from  which  by  elimination  may  be  found  c^=^ibd  and  e*  +  i00ad=O, 

XXXIIL 

7.  Let  a  denote  the  possible  root  of  the  equation  x*  ^qx-k-r*^0,  then  x^^cl,  and 

x-a=0;  .*.  ^  -g^+^—Q^  OT  a;'+aa;+a'-5'=0,  the  quadratic  equation  which 

x-a 

contains  the  two  impossible  roots,  and  taking  a=y+Zf  the  required  expression  will 

be  found. 

8.  The  equation  (a;*-2r)*  -279*ie*=0  is  an  equation  of  nine  dimensions,  and 
includes  the  three  equations 

aj»-8gx+2r=0,  x*'Sqttx+2r—09  andaj»-8g»«a:+2r=0, 
in  which  !,«,«»*  denote  the  three  cube  roots  of  unity. 
The  ^laA  of  these  equations^  x*  -  9qx + 2r80,  is  only  another  form  ofx*-qx-^  faO, 

obtained  by  writing  9q  for  q  and  2r  for  r,  when  y^^  and  ««?,  the  two  equa* 

z  y 

tions  will  give  yalnee  of  y  and  z,  from  which 

aj«y+a={r+(r«-g»)»}J  +  {r-(r«-gf«)»}». 

XXXIV. 
1.  See  Art  16,  p.  20. 

S.  Letci%d*,7*denotethethieeTtla68  0f6*oryiny*+29y*  +  (9*-is)]f-r*«^« 
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tlie  reduciDg  cabio  of  Descartes'  solution  of  the  biquadratic  Qe*+qx^-^rx+i=0, 
theno«iB*7»=r«,  a/57=r,  and  -2<7=a«  +  /3« +7«. 

X*  +«!?+/=«'  +ex+-(q+e*  -  -),    Let  «=a  one  of  the  three  values  of  0. 
=»«• +aa:+J(a'-/3« -7«  -  2i97)=0, 

4  2 

and  a:=J(— o+i3+7)  and  4(""«""i3— 7),  two  of  the  required  roots. 
In  the  same  manner 

X*  -«j+^=a5»  -ex+-(q+e*  + -) 

=a;«-aaj  +  i(a«-i8«-7'  +  2i37)==0. 


o» 


andaj«-aaj+:i=i(iS-7)%  .".  »-^=±i(i8-7). 

.*.  a:=i(a+i9— 7)  and  |(a-3+7)  are  the  other  two  roots  of  the  biquadratic  in  terms 
of  the  roots  of  the  reducing  cubic. 

8.  See  Art  16,  p.  20.  7.  See  Art.  17,  p.  22.  8.  See  Art  17,  p.  22. 

12.  See  Art  16,  p.  20,  and  Art  18,  p.  23. 

XXXV. 

2.  Since  a,  /3  are  two  roots  of  the  equation,  x^  -'{a+$)x  +  a$=0,  which  is  one 
of  the  quadratic  equations  of  which  the  biquadratic  is  coniiK>sed. 

Let  7,  9  denote  the  roots  of  the  other  quadratic 

Since  a+i8+7+8=0,  a+B=-{y  +  9), 
and  «•  +  (7+8)aj+7J=0,  or  a;"  +  (a +3) +  78=0  is  the  quadratic  containing  the  other 
two  roots, 

But  5=  +  037  +  o)3a  -  o7«  -  875=  +  (7  +  8)a8  -  (a  +  i9)7«= (a  +  fl)(ai8  -  7«), 

a+/B      "     ^  *  2    -  (  \    2    /    ^a+aS 

8.  The  equations  are  p^q  - p{r  -  a)  -  q^  =^0,  and  p^s+q{r—8)=^0 ;  and  if  r— «  be 
eliminated,  the  resulting  equation  iBp*8+p*q^ -q*=0. 

4.  First  suppose  the  four  roots  real ;  since  the  last  term  of  the  equation  is 
negatiye  and  equal  to  unity,  the  roots  arc  of  the  form  ct,  a''\  (,  —6"';  and  it  may 
be  shewn  that  o + a-> = J(p + q),  and  & — 6~' = J (p  -  5). 

5.  First  x*=  ^ia'x-^a*,  add  2x*a*  to  each  side  of  this  equation,  and 
z*  +2a5*a'=2a!*a*  -  ia'x+a*,  complete  the  square  of  the  left  side, 

.'.  x«  +  2a;«a«+a*=2a;*a* -4o»x  +  2a*=2o*(a;' -2flf«+a«). 
Extract  the  square  root  of  each  side, .'.  x*  +a*=a±a{x-a)\/2,  then 
x«+o«= +a(a;-a)\/2  and  «'+«•= -a(aj—a)V2  are  the  two  quadratic  equations 
from  which  two  values  of  2;  will  be  found  to  be  possible  and  two  impossible. 

6.  It  is  obvious  from  inspection  that  a,  h,  c  respectively,  satisfies  the  equation ; 
and,  therefore,  three  of  the  roots  are  known,  that  is  x^^a,  z=bp  «««,  and  «>  a=sO, 
a:-J=0,  a;-c=0,  .\  (x-a){x-b){x-c)=0. 

Next  the  given  equation  can  be  put  into  the  following  form : 
^_a*{x*  ^{b+c)x+be}     b*{x^-{a-{-e)x+ac]     c*{x*^{a-hb)x+ab\ 


(a-6)(a-c)        ^        (6-c)(6-a)         ^         {e-a){c-b) 
a*  6* c* 


I  (a-6)(a-c)^(6-c)(6  -  a)  ^(c-  aT(c^ 
_  }     a*{b+e)  b^{a+e)         e*{a-^b)     j 

"  l(<*-*X«-c)  '**(6-cX6-a)    (<:-a)(c-6)i 
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+  f        ^^^  ^*gg  c^ah 

I  (a  -  6)(a  -  c)  "*"  (6 -  c)(6 -  o)  "*" ^c^^aXc^ 
={(c+a)(c+6)+a«  +  6«jaj»-(a+6)(6+c)(c+a)aj+oftc(a  +  &+<j), 
.-.  a:*-{(c+a)(<;+d)+a*+6«}a;»+(a+J)(6+c)(c+a)aj-aJc(a+6  +  c)=0  (1), 

but(a!-a)(a;-6)(a;-c),  OTz*-(a+b+c)x^-^{ab  +  ac+bc)x-db€='0  (2), 
By  dividing  the  equation  (1)  by  the  equation  (2) 

there  resolts  the  equation  x+a+b+c=0, 
and  consequently  z=  -  (a+j+c)  is  the  fourth  root  of  the  equation. 

7.  Divide  each  term  of  the  equation  by  z*,  and  arrange  the  terms  in  pairs. 

Assume  a5+f =z,  and  by  the  necessaiy  substitutions,  a«  -pz^+{q-2s)z^2ps-r=0 

z  _ 

is  the  cubic  equation. 

8.  The  equation  can  be  put  into  the  form 

(^•-l)-i)ar(«'-l)+jaj«(»»-l)-ra;»(aj«-l)+5a54(aj-l)=0,    which    is    obviously 
divisible  by  «- 1,  .*.  aj=l,  one  of  the  roots ;  depressing  the  equation  it  becomes 
z^-{p-l)x^'\r{q'-p-\-l)z*-'(r-q+p'l)x^^(8-r'\'q-'p+l)z^--{r-q-\-p-l)z^ 

+te -i?+l}a;*  -  (l>  -  l)aj+l=0. 
Dividing  by  z*  and  arranging  the  terms, 

{x-+i,y{p-i)(z^+-^-)+^ 

+(«-»-+!7-;>+i)=o. 

Letaj+1=«,  thenaj«+-\=a«-2,  aj»+i-=««-85,  aj*+i-=«* -4a«+2. 
z  z^  z^  »* 

Making  these  substitutions  and  reducing  the  terms 

z*-{p^l)z*-\-{q-p-Z)z^-{r+q+2p-'2)z+{8-r-q+p-\-l)=0 

is  an  equation  of  four  dimensions. 

9.  The  equation  is  (a;»  +  l)+aj(a;'  +  l)-9«»(aj»  +  l)  +  3a;»(a;'  +  l)-8a;<(a;+l)«0. 
Obviously  —1  is  a  root  of  this  equation,  and  z+l=0.    Depressing  the  equation 

it  becomes  x^  -  9z*  + 12»«  -  20z*  + 12«"  -  9««  + 1 =0. 

Divide  hjz^,  arrange  the  terms,  and  let  z-i-i-=z, 

z 

then3*-182«  +  122+22-22«0,  or z{z'-lZz +12)^0, 

.«.  2=0,  ora;+i— 0,  and  as— iy'  — If 

z 

ands»-.132+12-0, 

or2(««-l)-12(2-l)=0,  or(2-l)(2*+«-12)-0; 

.-.  «-l  =  0,  oraj+l+l-0;.-.aj-^i:^l:i?, 

Z  A 

and  2«+3-12=0,  a'+z+l-i?,  «+l-,*2  ;  .•.  »=3and  -4; 

...  a:+l-8,  and«-?*^, 
a;  2 

«+ 1=  -  4,  and  «=  -  2±  V^. 

Tlie  nine  rooU  are  -2±V8,  i(3±V6)»  l(l±>/-8),  ±V-1.  -1. 

10.  Since  2'  +m'  +n*=»l,  the  given  equation  may  be  put  under  the  form 

+  &•«'/■  +c«a«m*  +««*««« =0, 
and  resolved  into 

(w*  - 6«)(««  - c«)Z«  +  (»«  -  a»)(««  - c«)m«  +  («•  - a«)(*^« - 6»)=0, 
and  then  dividing  by  (««  -d'Xr*  -  6*)(r«  -c'),  the  form  required  is  obtained. 

UNIV.  GF  MICHIGAN, 
MAY  20  1912 


ELEMENTARY  ALGEBRA, 
WITH  BRIEF  NOTICES  OF  ITS  HISTORY 

In  Twelve  Seoiioiis,  demy  8yo. 
CONTENTS    AND    PRICES. 

PRICE 

Section  I.         Of  Algebra,  pp.  32 6<2. 

Section  II.        Of  Algebra,  continued,  pp.  48 6i. 

SEonoir  m.      Of  Algebra,  continued,  pp.  48 6<f. 

SEcnoK  rV.       Addition  and  Subtraction,  Multiplication 

and  Diyision,  pp.  48    6(f. 

Section  Y.        Measures,  Multiples  &  Fractions,  pp.  48. . 6<f. 

Section  YI.       Involution,  Evolution  and  Surd  Numbers, 

pp.  56    6i7. 

Section  YII.     Simple  Equations,  pp.  48 6<l. 

Section  YIH.   Quadratic  Equations,  pp.  68 6i. 

Section  IX.      Batio,  Proportion  and  Variation,  pp.  48.  .6i. 

Section  X.        Arithmetical,  Harmonical  and  Geometrical 

Progressions,  pp.  52    6i. 

Section  XI.  Yariatioiis,  Permutations  and  Combina- 
tions ;  Binomial  and  Polynomial 
Theorems;  The  Theory  of  Proba- 
bilities, pp.  68 ^ •  •  •  • .  .6<f. 

Section  XII.    Cubic  and  Biquadratic  Equations,  pp.  66 . .  6if. 


LONDON:  LONGMANS  AND  CO. 


Each  Section  of  the  Algebra  may  be  purchased  separately; 
also  the  Twelve  Sections  together,  done  up  in  boards  with 
cloth  covers,  at  6««  6<{. 


ELEMENTARY  ARITHMETIC, 
WITH  BRIEF  NOTICES  OF  ITS  HISTORY. 

BY  R.  POTTS,  M.A.,  TRINITY  COLLEGE,  CAMBRIDGE. 
In  Twelve  Sectiona,  demj  8yo. 

CONTENTS  AND  PRICES. 

phicb 
Section  I.  Of  Numbers,  pp.  28 Zd. 

Section  H.  Of  Money,  pp.  52 6i. 

Section  HE.  Of  Weights  and  Measures,  pp.  28    Zd. 

Section  IV.  Of  Time,  pp.  24 Zd. 

Section  V.  Of  Logarithms,  pp.  16 2d. 

Section  YI.  Integers,  Abstract,  pp.  40    bd. 

Section  Vll.  Integers,  Concrete,  pp.  36    •....•  bd. 

Section  Ylll.  Measures  and  Multiples,  pp.  16  . .  2d. 

Section  IX.  Fractions,  pp.  44  bd. 

Section  X.  Decimals,  pp.  32    ^d. 

Section  XI.  Proportion,  pp.  32 ^d. 

Section  XTT.  Logarithms,  pp.  32    %d. 


NOTICE. 

Each  section  of  the  Arithmetic  may  be  purchased  separately; 
also  the  twelve  sections  together,  done  up  in  boards,  with  doih 
oovers,  at  4#.  6i. 


WORKS  BY   PERCIVAL  FROST,  M.A., 

rOBMBBLT  FELLOW  OF  ST.  JOHB'S  COLLEGE,  CAMBRIDGE; 
XATBBMATIOAL  LEOTUBBB  OF  KIBG'S  COLLEGE. 


Demy  8w. — Friee  12^. 

NEWTON^S      PRINCIPIA, 

F[i;ST  BOOK,  SECTIONS  L II..  HI. 

WITH 

NOTES  AND  ILLUSTRATIONS,  AND  A  LARGE  COLLECTION 

OF  PROBLEMS,   PRINCIPALLY  INTENDED  AS 

EXAMPLES  OF  NEWTON'S  METHODS ; 

ALSO 

HINTS  FOR  THE  SOLUTION  OF  THE  PROBLEMS. 

THIRD  EDITION, 


BY 

PERCIVAL  FROST,  M.A., 

FOBMEBLT  FELLOW   OF  BT.  JOHN'S  COLLEGE,  CAMBRIDGE; 
MATHEMATICAL  LECTVBBB  OF  KING'S  COLLEGE. 

The  portion  of  Newton's  Prineipia  which  is  here  presented  to  the  Student 
contains  the  eolation  of  the  principal  problem  in  oelestial  Mechanics,  and  must  be 
interesting  to  all,  even  those  who  do  not  intend  to  follow  out  the  more  complicated 
fnroblems  of  the  Lunar  and  Planetary  Theories. 

The  stndy  of  the  geometrical  methods  employed  by  Newton  cannot  be  too 
•trongly  recommended  to  a  student  who  intends  to  pursue  Mathematics,  whether 
Pure  or  Applied,  to  the  higher  branches ;  for  he  will,  under  this  training,  bo  less 
likely  to  work  in  the  dark  when  he  uses  more  intricate  machinery. 

I  hare  endearoured  in  this  work  to  explain  how  several  of  the  results  obtained 
in  the  Differential  and  Integral  Calculus  can  be  represented  in  a  geometrical 
form ;  and  I  have  shown  how,  in  a  large  class  of  problems,  the  geometrical 
methods  are  at  least  as  good  an  'open  sesame '  as  the  Differential  Calculus. 

In  this,  the  third  edition,  I  haye  giren  Solutions  or  Hints  for  the  solutions  of 
all  the  problems,  in  order  that  a  stodent  may,  unaided  by  a  tutor,  hare  all  the 
ad  V  antages  which  the  hook  supplier. 

Kaomillav  ahd  Oo.    London  «nd  Cambridgt. 
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